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PREFACE. 






IN 1807 a Survey detachmeiit was deputed by the Surveyor (xeneral of Bengal to 
explore the source of the Ganges : this was the first expedition to the Himalaya 
undertaken for purely geographical purposes. A hundred years have now elapsed, 
during which geographical and geological information has been steadily accumulating 
and we have at length reached a stage where there is a danger of losing our way in a 
maze of unclassified detail : it is therefore desirable to review our present position, to 
co-ordinate our varied observations and to see how far we have progressed and what 
directions appear favourable for future lines of advance. 

The present paper originated in a proposal submitted by the Survey of India to 
the Board of Scientific Advice at the meeting of the latter in May 1906. The proposal 
was as follows : — *' The number of travellers in the Himalaya and Tibet is increasing, 
" and a wider interest is being evinced by the public in the geography of these regions.. 
It is therefore proposed to compile a paper summarising the geographical position at 
the present time." 

Subject to the modification that the scope of the paper should be geological as 
well as geographical, this proposal has received the sanction of the Government of 
India and the work has been entrusted to us to carry out. On the understanding that 
the paper is intended primarily for the use of the public, we have endeavoured to 
avoid purely technical details and to present our results in a popular manner* 

Our subject has fallen naturally into four parts, as follows : — 

Part I. — The high peaks of Asia. 
Part II. — The principal mountain ranges of Asia. 
Part III. — The rivers of the Himalaya and Tibet. 
Part IV. — The geology of the Himalaya. 

Though the four parts are essentially interdependent, each has been made as far 
as possible complete id itself and has been published separately. The first three parts 
are mainly geographical, the fourth part is wholly geological : the parts are subdivided 
into sections, and against each section in the table of contents is given the name ^of 
the author responsible for it. 
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PREFACE. 



The endeavour to render each part complete must be our apology for having re- 
peated ourselves in more places than one : the relations, for instance, of a range to a 
river have been discussed in Part II, when the range was being described, and have 
been mentioned again in Part III under the account of the river. 

As the mountains of Asia become more accurately surveyed, errors will doubtless 
be found in what we have written and drawn : it is not possible yet to arrive at correct 
generalisations and we have to be content with first approximations to truth. 

Maps, too large for insertion in such a volume as this, are required for a study of 
the Himalayan mountains : the titles of maps illustrating the text are given in foot- 
notes and are procurable from the Map Issue Office of the Survey of India in Calcutta. 
Constable's hand atlas of India will be found useful. 

We are much indebted to Babus Shiv Nath Saha and Ishan Chandra Dev, B.A., for 
the care with which they have checked our figures and names, and to Mr. J. H. Nichol 
for the trouble he has taken to ensure the correctness of the charts. Mr. Eccles and 
Major Lenox Conyngham have been kind enough to examine all proo&, and to give 
us the benefit of their advice and suggestions. Mr. Eccles has also supervised the 
drawing and printing of the charts, and we have profited greatly by the interest he has 
shown in them. 

We have also to express our indebtedness to Messrs. T. D. LaTouche and C. S. 
Middlemiss for their kind assistance in examining proofs of Part lY. 

S. G. BURRARD. 



E, H. Haydbn. 
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PREFACE 



IN 1807 a Survey detachment was deputed by the Surveyor General of Bengal to 
explore the source of the Ganges : this was the first expedition to the Himalaya 
undertaken for purely geographical purposes. A hundred years have now elapsed, 
during which geographical and geological information has been steadily accumulating 
and we have at length reached a stage where there is danger of losing our way in a 
maze of unclassified detail : it is therefore desirable to review our present position, to 
co-ordinate our varied observations and to see how far we have progressed and what 
« directions appear favourable for future lines of advance. 

The present paper originated in a proposal submitted by the Survey of India to 
the Board of Scientific Advice at the meeting of the latter in May 1906. The pro- 
posal was as follows : — " The number of travellers in the Himalaya and Tibet is 
" increasing, and a wider interest is being evinced by the public in the geography of 
^' these regions. It is therefore proposed to compile a paper summarising the geographi- 
'^ cal position at the present time." 

Subject to the modification that the scope of the paper should be geological as 
well as geographical, this proposal has received the sanction of the Government of 
India and the work has been entrusted to us to carry out. On the understanding 
that the paper is intended primarily for the use of the public, we have endeavoured 
to avoid purely technical details and to present our results in a popular manner. 

Our subject has fallen naturally into four parts, as follows :— 

Part I. — The high peaks of Asia. 
Part II. — The principal mountain ranges of Asia. 
Part III. — The rivers of the Himalaya and Tibet. 
Part IV. — The geology of the Himalaya. 

Though the four parts are essentially interdependent, each has been made as far 

4ks possible complete in itself and will be published separately. The first three parts 

are mainly geographical, the fourth part is wholly geological : the parts are subdivided 

into sections, and against each section in the table of contents is given the name of the 

4kuthor responsible for it. 



ii PREFACE. 

The endeavour to render each part complete must be our apology for having 
repeated ourselves in more places than one : the relations, for instance, of a range to a 
river have been discussed in Part II, when the range was being described, and have 
been mentioned again in Part III under the account of the river. 

As the mountains of Asia become more accurately surveyed, errors will doubtless 
be found in what we have written and drawn : it is not possible yet to arrive at correct 
generalisations and we have to be content with first approximations to truth. 

Maps, too large for insertion in such a volume as this, are required for a study of 
tiie Himalayan mountains : the titles of maps illustrating the text are given in foot- 
notes and are procurable from the Map Issue Ofiice of the Survey of India in Calcutta. 
Constable's hand atlas of India will be found useful. 

We are much indebted to Babus Shiv Nath Saha and Ishan Chandra Dev, b.a., for 
the care with which they have checked our figures and names, and to Mr. J. H. Nichol 
for the trouble he has taken to ensure the correctness of the charts. Mr. Eccles and 
Major Lenox Conyngham have been kind enough to examine all proofs, and to give 
us the benefit of their advice and suggestions. Mr. Eccles has also supervised the^ 
drawing and printing of the charts, and we have profited greatly by the interest he has 
shown in them. 

We have also to express our indebtedness to Messrs. T. D. LaTouche and C. S. 
Middlemiss for their kind assistance in examining proofs of Part IV. 



S. G. BURRARD. 

H. H. Hayden. 

December 1908. 
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GEOLOGICAL SUl^DI VISIONS 'OF THE HIMALAYA . 

/ t 

^. I 

* f 

i ! 

^ . I 
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) 

i 

THE rocks of the Himalaya fall into three broad stratigraphical zones (Hate i 
xxxvra). namely- ' i 

I 
I 

(1) an outer or Sub-Himalayan zone composed of sediments for the most ' 

part of Tertiary age ; 

(2) a central or Himalayan zone, comprising most of the ranges known as 
I the Lesser Himalaya together with the line of high peaks. This is com- 

' posed of granite and other crystalline rocks and a great group of iin- 

f ossilif erous sediments of unknown age ; and 

(3) a northern or Tibetan zone, lying for the most part behind the line of 

high peaks (tlie axis of the Great Himalayan range) and composed of a 
series of highly fossiliferouB sediments ranging in age from the Cambrian 
to the Tertiary epochs. 

The following ta.ble shows the classification and the more important 
subdivisions : — 
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Table XL. 



I 

< 



I 

I 



SubHimalay<»n Zone. 



Himalayan Zone. 



Tibeian Zone, 



High level terraces of the chief Himalayan rivers ; Karewas of Kashmir ; 

Ossiferous beds of Ngari Khoraum. 



A proximate Foreign 
equivalent. 






QQ 



B-71 < 



Upper Siwalik 

stage. 
Middle Siwalik 

stage. 
Lower Siwalik 
( N a h a n ) 
. stage. 
; Kasauli stage. 



QQ 



Dagshai stage. 
.Subathii stage. 



Tal series. 



Gondwanas of East- 
ern Himalaya. 



s 



5^ 
is 



Intrusive tourmaline- 
granite, biotite- 
granite and horn - 
blende-granite. 



Pleistocene. 



Pliocene. 



Nummulitic limestone of Zangskar 
and Ngari Khursum, and volcanics 
of Lake Manasarowar ; Indus Val- 
ley Tertiaries ; upper part of Kam- 
pa system. 

Chikkim series ; Flysch of Xgari 
Khorsum ; 

Giumal series : lower part of Kam- 
pa system. 



Spiti shales and Jurassic of Tibet. 
Kioto fTagling stage. 

limestone. I t» ^ 

^Para stage. 

Trias of Hazara ; 
Lilang system. 
Kulinff fProductus shales. 
Bvstem I ^*^^*^reouB sandstone. 
^ * [^Conglomerates. 



Fusuli • mestone of Afghanistan. 



Miocene. 



Oligocene. 



Eocene. 



Cretaceous. 



Eanawar 

system 



in Spiti. 



Po series 




rPanjal 
i volca- 



\' 



Lipak 

series, i 

l^ nios. 

Chitral limestones. 

Muth quartsdte. 

Limestone with Silurian 
Muth 1 fossils, 
system. ^ Red quartiite. 

Conglomerate in Spiti ; 

Coral limestone inKvm- 

aun. 

f Upper Haimanta. 



Panjal svstem in 
part ; Inn-a-Trias of 
Hazara ; Krol sys- 
tem ; Carbonaceous 
system ; Simla 

slates ; Peoban 
limestone ; Jaunsar 
system ; Baza 

series ; Miju beds. 



Haimanta 
system. 



Middle Haimanta. 
, Lower Haimanta. 



Jurassic. 



Trias. 



Permian. 



Carboniferous. 



Devonian. 



Silurian. 



Middle Cambrian, 
Lower and perhaps 
in part pre-Cam- 
brian. 



H H ^ 



3 

H 



o 



s 

i 



Daling series; old 
schists, gneisses and 
cr^'stalline lime- 
stones. 
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Yaikrita system in part. 
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THE SUB-HIMALAYAN ZONE. 

Although it is customary in stratigraphical treatises to deal first with the oldest 
rock-groups,*Jt will be more convenient in the present instance to take the three zones 
in their geographical sequence, describing them in the order in which they would be 
met with by the traveller passing from the plains of India to the highlands of Tibet. 
Whether his route lie through the tropical forests of the Darjeeling Terai, the sal-cover- 
ed spurs above Eathgodam, the outer ridges and duns of the Siwalik range below 
Mussooree, or the sinuous tunnels of the Kalka-Simla Railway, he must always cross a 
band of conglomerates, sandstones and clays, which runs from end to end of the 
Himalaya along their outer margin, and is known to geologists as the Sub-Himalayan 
zone. Even should his destination be the valley of Kashmir, he must still cross the 
same zone in the Murree hills and through the deep and narrow gorges of the Jhelum. 

The rocks of this zone fall into two well-marked subdivisions, known as the Sirmur 
subdivisiow of the component and SiwaUk Series, respectively : these, again, are sub-^ 
*>«ds- divided as follows : — 



Sub-Himalayan syBtem 



{Upper Siwalik stage. 
Middle „ „ 

Lower „ (Nahan) „ 



I 



rEasauIi stage. 
Sirmur series . J Dagskai „ 

(.Subathu „ 



SuB-HlBiALAYAK SYSTEM. 

Siwalik series. 

The upper, or Siwalik, series is the first rock-group met with in passing from the 

^. ... plains into the Himalayan foot-hills, and takes its name from 

SivxUik series : Upper Siwaliks. , . . . . - 

the' Siwalik hills, which are composed of the various mem- 
bers of this series. The uppermost stage consists of an immense thickness — ^many 
thousands of feet — of loosely aggregated conglomerates and soft earthy beds immediately 
underlying, but, as a rule, sharply marked off from, the extensive recent deposits still 
in process of formation along the foot of the Himalaya. Here and there, however, 
where the SiwaUk beds have been subjected to comparatively little disturbance, no 
distinct line of division between them and the overlying recent deposits can be found, 
and, owing to the mutual similarity of composition, we are led to conclude that the 
recent deposits are the direct successors of the Upper Siwalik beds. Both are of sub- 
aSrial origin, and both are the direct products of those forces of which the concrete 
embodiments are rain and rivers, and which are to-day at work, removing material 
from the mountains to lay it down again on the plains at their foot. To this process 
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aiX} THE GEOLOGY OF THE HIMALAYA. 

not only the recent deposits, but clearly also the Upper Siwaliks, owe their origin. It 
has further been found that, in the neighbourhood of the debouchures of the great rivers 
of the present day, the Siwalik deposits consist chiefly of coarse conglomerates, whereas, 
in the intervening areas soft earthy beds predominate.* It is clear, therefore, that, 
throughout the vast period of time necessary for the accumulation of these deposits, 
the distribution of the main drainage lines of the Himalaya was much as it is at the 
present day, and the more important Himalayan rivers are therefore of very great 
antiquity. 

The Upper Siwalik conglomerates are underlain by a great thickness of a soft, 
Middle Siwalik and Nahan barely Coherent, sand-rock,t lying upon a harder but other- 
wise very similar sandstone : these two subdivisions of the 
Siwalik series are known as the Middle and the Lower, respectively, the latter being also 
frequently known as the Nahan stage, from its being exposed and having been first 
studied at Nahan.;]; As already stated, the three stages forming the Siwalik series 
are all composed of sub-aerial deposits which bear internal evidence of a fluviatile 
origin. As might, therefore, be expected, fossils are rare, but the two uppermost 
stages have yielded locally large numbers of remains of mammals closely allied to 
SiwaUk Fossils specics existing in the Himalayan foot-hills at the present day. 

These include bones and teeth of such animals as the elephant, 
rhinoceros, tiger, pig, ox and various species of deer.§ Such fossils are by no means 
of common occurrence, but the few localities which have hitherto been discovered 
have yielded them in some profusion. The same belt of Siwalik deposits is known to 
extend far to the west, through the Punjab into Sind, whilst similar beds, also highly 
fossiliferous, have been found in Burma. Although there is an extensive literature on 
the subject of the Siwalik' fossils as a whole, little is known as to their exact vertical 
distribution or their respective horizons in the rocks in which they occur, and a wide 
field for detailed research still exists in this direction. On the whole, however, it is 
generally agreed that they are of the same age as the very similar fossils found in Europe 
and known to belong to the pliocene stage of the Tertiary system. 

The beds below the Upper Siwalik conglomerates — the Middle Siwalik or sand- 
Middie siwaiiks. ^^^^ stage— are composed chiefly of soft sands of a " pepper 

and salt " colour ; here and there they contain small masses 
of lignite, which have frequently led to expectations of coal ; such expectations, how- 
ever, have invariably proved fallacious, and in all cases the lignite deposits have been 
found to be merely isolated pockets of carbonised wood|| or, in a few instances, patches 
of drifts vegetable matter t far too small to be of any economic value. 

• Manual of the Geology of IndiOy 2nd ed., 368 (1893) ; H. B. Medlicott, Records, Geological Survey of India 
Vol. IX, 67 (1876). ^ y / . 

I C. S. MiddJemias : Memoirs, Geological Survey of India, Vol. XXIV, pt. 2 (1890). 

I H. B. Medlicott : Memoirs, Geological Survey of India, Vol. Ill, pt. 2 (1864). 

§ Fftlconer and Cantley : Fauna aniiqua sivalensis ; also PalcBonJtologia Indica, ser. X. 

II H. B. Medlicott: Memoirs, Geological Survey of India, Vol. Ill, pt. 2, 14 (1864); C. S. Middlemiss: 
Memoirs, Geological Survey of India, Vol. XXIV, pt 2, 26 (1890) ; H. H. Hayden : Records, Geoloaical Survey hf 
/nrfta, Vol. XXX, 249/1897). ^ ^ j 

II F. R. Mallet : Memoirs, Geological Survey of India, Vol. XI, 46 (1876). 
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The lowest, or Nahan, stage differs from the Middle Siwalik in its greater degree 

of induration and. at times also, in its colour, the prevail- 

Nahan stage. , , , . 

ing tints being brownish and greenish-brown, although 
.bluish- grey is not uncommon, especially on weathered surfaces ; the safest criterion by 
which to distinguish the members of the two groups, one from the other, is the greater 
degree of hardness characteristic of the Nahan sandstone, which is capable of being 
dressed into blocks and used as a building material, whereas the sand-rock is much 
less coherent and crumbles away when struck with the hammer. 

Although the three stages of the Siwalik series may be denoted broadly as the 
Lithoiogicai characters of the Conglomerate, saud-rock and sandstone stages, respectively, 

**^"* yet it must not be supposed that each of these rocks con- 

stitutes the whole of the formation of which it is characteristic ; these are merely pre- 
dominant types, and conglomerate is found also in the sand-rock stage, especially 
towards its base, as well as in the Nahan stage, whilst clay and loam are found through- 
out the whole series, purple and red clays being especially characteristic of the Nahan 
stage. 

Between the Siwalik series and all older beds with which they are found in contact 

Main bo darv f uit there occurs ouc of the most peculiar, as it is one of the 

most constant, features of Himalayan tectonic geology. 
This is known as the " main boundary fault," which, probably throughout the whole 
length of the Himalaya, from Assam to at least as far as the Beas, occurs at the inner 
edge, and so forms the northern boundary, of the Siwalik series. This fault has many 
peculiar and interesting features : in the first place, it is not a simple fault, but is of the 
type known as " reversed," along which, in the process of folding, the older rocks have 
been thrust up over the younger, whilst, at the same time, the apparent order of super- 
position of the beds on one or on both sides of the fault may be exactly the reverse of 
the order in which they were originally deposited. Whatever be the ultimate causes 
to which the folding of the crust of the earth is due, they resolve themselves finally 
into tangential thrusts acting in opposite directions ; the effect of this is to throw the 
crust into folds, which, at first gentle, gradually become more and more compressed 
until the pressure exceeds the breaking strain of the component rocks and fracture 
{faulting) results. This is most readily exemplified by means of diagrams ; on plate 
XXXIX, figures 1 to 3 represent successive stages in the compression and folding of 
a series of stratified rocks, from their simple wave-like beginnings up to the reversed and 

« 

broken fiexure which is the key to almost all the complicated puzzles of Himalayan 
structure, not only in the geologically young Sub-Himalayan area but also throughout 
the whole of the mountain masses between India and Tibet, as well as in the ranges of 
Afghanistan. 

If, now, we turn to the actual conditions of the rocks of the Sub-Himalayan zone, we 

find this type of structure clearly shown in the beautiful 

Character of the faults. . 

sections traced by Mr. Middlemiss in the area between 
the debouchure of the Ganges and Nepal. Plate xxxix, figures 4 to 6, which are 
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reproductions of Mr. Middlemiss' sections,* show not only one of these reversed fault 
but a whole series of them (figure 6), each separating one rock formation from another 
and occurring not only among the members of the Siwahk series, but also through the 
older beds of the unfossillferous and metamorphic zone of the Lesser Himalayan ranges. 
It will be noticed that each of these fractures has taken place along the middle limb of 
the fold, i.e.f along the part lying between an anticlinal crest and its complementary 
synclinal trough, and that on either side of the fault the normal order of superposition 
of the beds has, in many cases, been reversed, the younger now appearing to underlie 
and dip beneath the older ; this is a characteristic and constant feature in the relation 
of the beds of the Siwahk series to all older beds and also, to a great extent, to one 

another. 

A second point of importance in connection with the main boundary fault lies in the 

Main boundary fault an ori- ^^^^ *^^* *^® Siwalik deposits ucvcr overstcp this boundary 
ginai limit of deposition. lij^e ^ud are ucvcr f ouud among the higher hills beyond, but 

are restricted to the zone fringing the foot of the hills. The main boundary must, there- 
fore, mark an original limit of deposition of the Siwalik series. Furthermore, Mr. 
Middlemiss has inferred that the reversed faults lying to the south of the main boundary 
are also to a certain extent original limits of deposition for the beds lying immediately 
to the south of each, and that they consequently mark the approximate position of the 
mountain-foot as it was at the time of their formation. They were thus '^ not contem- 
poraneous, but successional," each having been produced or at least completed at the 
end of the period during which the beds immediately to the south of it were deposited^t 
The detailed reasoning and careful observation which have led to the above conclusions 
and which we owe, first, to the genius of the late Mr. H. B. MedUcott, and subsequently to 
the skill and industry of Mr. C. S. Middlemiss, are too extensive and of too technical a 
nature to be dealt with here, but those who wish to pursue the matter further are referred 
to the original papers.^ An admirable summary, by Mr. R. D. Oldham, of the whole 
question will be found in the second edition of the " Manual of the Geology of India,'* 
pp. 467 to 471. 

Turning now to the Siwalik series as a whole, we find it to consist of an enormoua 
thickness — ^averaging over 16,000 feet— of deposits, which, in spite of local uncon- 
formities, are undoubtedly one great conformable and connected formation,§ which 
has been deposited sub-aerially by streams and rivers|| along the outer margin of the 
Himalaya. The deposition of such a great thickness of material must have occupied a 
Mode of accumulation of the vast period of time, during which the area over which they 
SiwaUks. ^gj.^ being laid down was steadily sinking. The cause of 

this persistent movement of subsidence is still a matter of controversy, and no 

♦ Memoirs, Geological Survey of India, Vol. XXIV, pt. 2 (1890). 

t C. S. Middlemiss: Memoirs, Geological Survey of India, Vol. XXIV, pt. 2, 118, 119 (1890). 

J H. B. Medlicott : Memoirs, Geological Survey of India, Vol. Ill, pt. 2 (1864) ; C. S. Middlemiss : Memoirs, 
Geological Survey of India, Vol. XXIV, pt. 2 (1890). 

{ C. S. Middlemiss: Memoirs, Geological Survey of India, Vol. XXIV, pt. 2, 29 (1890). 

II Manual of the Geology of India, 2nd edition, 358 (1893). 
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-theory has been generally accepted, although that put forwaici by the Rev. 0. Fisher 
had until recently many supporters. This has already been %bly dealt with by Mr. 

Oldham,* whose modification of the theory seemed to 

Rev. O. Fisher's theory. . . n , . ^ p ,i rm i • i i 

satisfy air the requirements of the case. The theory is based 
on the hypothesis that the crust of the earth is comparatively thin, and rests upon a 
zone of material which is either fluid or has the propertie^a of a fluid. As this inner 
portion contracts owing[to loss of heat, the crust is left unsupported and, not being strong 
enough to bear the strain due to its own weight, i^ill " yield along lines of weakness " 
and be '^ thickened both upwards and downwards " from a zone at certain depths 
•below the surface/ J Above this zone, which has been termed the " neutral zone," 
" the material will, on the whole, be forced upwards and below it downwards." Mr. 
Fisher has most ingeniously explained not only the rise of the Tibet plateau but also the 
overfolding of the outer border of the Himalaya and the subsidence of the submontane 
tracts, whilst Mr. Oldham's amplification of the argument affords a complete explana- 
tion of allTthe observed phenomena.f 

Of late, however, physicists have begun to question the validity of Mr. Fisher's 

Duttcm's theory of isostasy. premiscs and Major Button's theory of isostasy (see above, 

page 48) is now more generally accepted. Major Dutton 
assumes that, owing to[the removal, by rain and rivers, of material from the mountains 
and its deposition on the plains at their foot, isostatic equilibrium has been disturbed 
and can be restored only by the rise of the denuded area and the subsidence of that 
portion over which'^ the material has been deposited ; we thus have an explanation 
• of the manner in which these vast sub-aerial deposits may have accumulated in areas 
which have for a long period of time been steadily subsiding. 

Sinnur series. 

The Sirmur series is, with one exception, not known to occur to the east of the 
Kasauii stage Jumua, but is extensively developed in the outer portion 

of the Lesser Himalaya to the west of that river. It has 
been subdivided into the three stages already noted {supra, page 209). Of these, the 
uppermost, or Kasauii, stage consists chiefly of sandstone, with subordinate beds of clay : 
the sandstone is grey or greenish in colour, at times hard, but, as a rule, rather soft and 
-coarse, the upper beds being not unlike the sandstones of the Nahan stage. The appa- 
rent absence of marine fossils, the presence of remains of land plants, and the general 
-similarity of the beds of the Kasauii stage to those of the lower beds of the Siwalik series 
leave little room for doubt that the Kasauii sandstone is of fresh-water origin. The 
stage takes its name from the hill station of Kasauii, where it is well exposed. 

The underlying Dagshai stage consists chiefly of grey or purple sandstone with beds 
D shai St e ^^ bright red or purple homogeneous clay. Both at Dagshai 

and on the ridge to the north of that station the beds are 

* Manual of the Geology of India, 2nd edition, 471—477 (1893). 
t Ibid, 473. 
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well exposed and readily recognisable in the road and railway cuttings. The only fossils 
found are worm-tracks and obscure markings ascribed to fucoids. It appear^ probable- 
that these beds were deposited in lagoons or salt-water lakes : they thus constitute an 
iiitermediate stage between the overlying Kasauli beds of fresh-water origin and the 
underlying Subathu stage, which is definitely marine. 

The Subathu stage — so named from the hill station of Subathu — consists chiefly of 

greenish-grey and red gypseous shales, with some subor- 
'' dinate lenticular bands of impure limestone and sandstone, 
** the latter principally found near the top " of the stage.* At the base there is a peculiar 
ferruginous bed which bears a strong resemblance to the laterite so well known in the 
Indian peninsula. Fossils are common throughout the rocks of this stage, especially in 
the neighbourhood of Subathu.f The only forms that need be mentioned here are 
NummuliteSf the presence of which leads to the inference that the Subathu stage 
corresponds to the eocene of Europe. 

Near the base of this stage at Subathu, there is a seam of coal, which, however, is 
too impure and too crushed to be of any economic value. { 

The Sirmur series was first critically examined and described by Mr. Medlicott 

lop. cit.) in the Simla region ; it was subsequently traced 

Distribution of the Sirmur series : ^ ^ ' i - t t ^ J 

by him westwards mto Jammu § and thence linked up with 
the similar rocks of Murree and the Jhelum valley.|| 

The Sirmur series of Jammu is similar to that of the Simla, region, with the excep- 

in Tanunu • *^^^ *^^* *^^ ^^^^ seams of the Subathu stage are here more- 

extensive, and are underlain by thick beds of ironstone.Tf 

In the Murree hills nunmiulitic limestone and shales represent the Subathu stage, 
. ^ -^ „., whilst the two upper stages (Dagshai and Kasauli) are re- 

in the Murree Hills- 

presented by the formation known as the Murree beds, the 
identity of part of which with the Kasauli stage has been proved by the occurrence in 
the Murree hiUs of fossil plants similar to those found in the Kasauli stage in the Simla 
region.** Similar fossils have also been found in the valley of the Kavi,tt which thus 
serves as a connecting link between the Murree and Simla regions. 

The whole of the Sirmur series is one perfectly continuous and conformable group 
^ ^ ^j ^j^ of deposits, there being a gradual transition, first, from the 

Subathu stage up into the Dagshai stage and thence from 
that into the Kasauli stage. The evidence afforded by fossils enables us to correlate the 



* Manual of the Geology of India, 2nd edition, 350 (1893). 

t H. B. Medlicott, Memoirs, Qedogical Survey of India, Vol. Ill, pt. 2 (1864). 

t Manual of the Geology of India, 2Dd edition. 350 (1893). 

§ Records, Geological Survey of India, Vol. IX, 53 (1876). 

II A. B. Wynne : Records, Geological Survey of India, Vol. VII, 64 (1874) ; (). Feistmantel : Records, Geological 
Survey of India, Vol. XV. 61 (1882). 

11 R. R. Simpson : Memoirs, Geological Survey of India, Vol. XXXU, pt. 4 (1904). 
** O. Feismantel : Records, Geological Survey of India, VoL XV, 51 (1882). 
tt H. B. Medlicott: Records, Geological Survey of India, Vol. IX, 52 (1876), 
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Subathu stage with the eocene stage of the Tertiary system of Europe * and the 
Kasauli stage with the lower miocene. 

It has already been pointed out that, to the east of the Jumna, the Sirmur series is 

only known to occur in one area. To the east of the 

Its eastern development. 

debouchure of the Ganges and along the inner boundary of the 
Siwalik series, there is found a most complicated group of beds, amongst which the typi- 
cal beds of the Subathu stage have been recognised not only by their lithological 
characters but also by their fossils.f 

Where the Sirmur series has been found in contact with older beds, the junction 
Relation of Sinnur series to between the two has always been found to be either a faulted 
older rocks. ^j. ^j^ unconformable one. Nevertheless, from a tectonic 

point of view, this series Ls more nearly associated with the old, frequently metamorphosed, 
beds of the central zone of unfossiliferous sediments, amongst which its component 
members have been intimately infolded, than with the younger Siwalik series and it 
extends beyond the strictly Sub-Himalayan hills into the ranges of the Lesser Himalaya, 
whilst, except in the western parts of the Himalayan area, it is marked o£E from the 
Siwalik series by the sharp line of the " main boundary." In all except its purely 
structural relations, however, it differs widely in every respect from the old unfossili- 
ferous rocks of the Himalayan zone. 

Tal series and Himalayan Gondwanas. 

Before passing on to deal with the component parts of this latter zone, we must 
refer briefly to certain pre-Sirmur beds which are, from a stratigraphical point of view, 
more nearly related to this younger series than to the members of the older Himalayan 
zone. These include a small patch of beds immediately imderlpng the Subathu stage 
in western Garhwal to the east of the Ganges, and certain coal-bearing beds foimd 
along the southern foot of the Himalaya to the east of the Nepal Terai. The first of 
these is known as the " Tal series," and the latter comprise a small fragment of the 
well-known Gondwana system of Peninsular India. 

The Tal series was first noticed by Mr. H. B. Medlicott in the valleys of the Tal 

and Bedasni rivers, affluents of the Ganges in western 

a series ( a e Garhwal,{ and was subsequently traced for some distance 

in an easterly direction by Mr. C. S. Middlemiss.§ It comprises two subdivisions : a 
lower composed of sandstone, some conglomerate and a black carbonaceous shale con- 
taining plant remains, and an upper, indigo-coloured, calcareous grit, at times becoming 
a sandv limestone, full of broken marine fossils. On normal sections, this series lies 
immediately below the nummulitic beds of the Subathu stage, and is therefore older. 



♦ D'Archiac and Haime : Oroupe nummvlitiqfU de Vlnde, 

tC S. ^y^dhmiaa :Eeeord8,€hoU)gical Survey of India^ Vol XX, 33 (1887), Memtfris, OeoJogical Surv^ «/ 
India. Vol XXIV, pt. 2 (1890). 

{ Memoirs, QtUogical Survey of India, Vol III, pt. 2, 69 (1864). 
f Record; Gedogical Survey of Indiot Vol XX, 33 (1887). 
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whilst the fossils, which are unfortunately too badly preserved for complete determina- 
tion, indicate that it may possibly be referable to some part of the Jurassic system or 
at least to some member of the Mesozoic group of Europe. It is to be hoped, however, 
that fossils in a better state of preservation may yet be found in this area, and thus 
enable us to ascertain the exact age of this series, which is unique in comprising the only 
fossiliferous marine beds of pre-Tertiary age known to occur in close association with 
the unfossiliferous series of the Himalayan zone. 

Along the southern foot of the Eastern Himalaya, from the Balasan river, which 

debouches at a few miles to the east of the Nepal frontier 

Gondwanas in the Eastern ^ ^ * 

Himalaya. up to the Dikxaug nvcr in the Daphla hills on the Assam 

border, a band of highly crushed coal -bearing rocks has been found, first by Lieutenant- 
Colonel Godwin- Austen* in the extreme east, and subsequently by Mr. F. R. Mallet t in 
the Darjeeling Terai and the Duars, by Mr. G. E. Pilgrim J in the foot-hills of Bhutan, and 
by Mr. T. D. LaTouche§ in the Aka hills. The rocks of this series consist of sandstone, 
shale and coal, which, owing to the intense crushing to which they have been subjected 
during the building up of the Himalaya, have been locally changed to quartzites, 
slates and carbonaceous schists. The coal beds, being the softest, have suffered most, 
and have been rendered so friable that they crumble mto powder with the least handling ; 
at the same time what were once probably continuous beds have been squeezed out 
into lenticular patches ; these characteristics detract largely from the economic value of 
the coal-seams, and have rendered futile all attempts at mining enterprise. A number 
of fossils have been found in these rocks in the Darjeeling are£ and include such well- 
known genera as Vertebraria and Glossopteris^W plants eminently characteristic of the 
coal-measures of Bengal. On the whole, the fossils, as well as the lithological charac- 
ters of the rocks in which they occur, offer conclusive proof that these Himalayan beds 
represent the Damuda series of the Lower Gondwana system. The importance and 
interest of this group of beds are obvious, since they afford evidence of the north- 
easterly extension of the old Gondwana continent. 

How far this belt of Damuda rocks is continuous along the foot of the Eastern 

Himalaya, it is at present impossible to say ; but since it 

Distribution of the Gondwanas. -^ ^ ^ \ i-,,, 

has been met with at most pomts at which the lower hills 
have been visited between the eastern frontier of Nepal and the Dikrang river, it is highly 
probable that its continuity is practically uninterrupted, whilst it may not improbably 
extend still further towards the east. The whole of the Eastern Himalaya, however, 
from the Sankos river to the gorge of the Brahmaputra is practically a terra incognita, 
in which much work of absorbing interest still remains for the geographer as well as for 
the geologist. Towards the west also these beds may possibly extend into Nepal, but 
of this there is no evidence. The only part of the country regarding which we have any 

* Joum, AK Sot. Bengal, Vol. XLIV, pt. 2, 35 (1876). 

t Memoirs, Qeohgicdl Survey of India. Vol. XI, 14 (1875). 

I Records, Geological Survey of India, Vol. XXXIV, 24 (190(J). 

§ Records, Geological Survey of India, Vol. XVIII, 122 (1885). 

||F. R. Mallet : Memoirs, Geological Survey of India, Vol. XI, 30 ( ! 875, ). 
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information is the strip bordering the road to Katmandu, along which Mr. Medlicott 
found the Siwalik series well developed, but could not definitely identify any part of 
the section seen by him as being of Gondwana age.* No trace of the latter system has 
been found anywhere along the foot of the Himalaya to the west of Nepal, the only 
other extra-peninsular area in which plant-beds of Gondwana age have been identified 
being the valley of Kashmir ^see below, p. 244). 



♦ Records, Geological Survey of India, Vol. VIII, 93 (1875) 
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THE HIMALAYAN ZONE. 

The next great group of rocks, which occupies what is known as the ELimalayan 

zone, forms the bulk of the ranges constituting the Himalaya 

Distribution and subdivision. i.^i e i^ -if^i* . ' 

proper, and stretches from end to end of this mountain 
chain. To visitors to the hill stations it is the most familiar^ yet at the same time the 
least understood, of all the Himalayan rock-groups and its classification still constitutes 
the greatest and most insoluble of all problems of Himalayan geology. It falls broadly 
into two subdivisions, (1) metamorphics, composed of granite, gneiss and crystalline 
schists and (2) a series of fragmental rocks of undoubtedly sedimentary origin, such as 
slates, quartzites, conglomerates and limestones, which, although frequentiy, to all 
appearance, eminently suited for the preservation of fossils, have not yet yielded to the 
most careful and repeated search a single trace of any imdoubted organic remains. 

The absence of fossils throughout the Himalayan zone renders it impossible to 
correlate, with any degree of certainty, the various rocks of one area with those of another 
since all attempts at such correlation can be based only on the individual peculiarities 
of the rocks themselves, that is to say, on their lithological characters, a method which, 
in the case of stratified rocks of imdoubted sedimentary origin, is always more or less 
unreliable and not infrequently misleading, especially in areas in which disturbance and 
metamorphism are so pronounced as in the central zone of the Himalaya. The result 
of this is that, with rare exceptions, it has been impossible to recognise with certainty 
the petrographical elements of one area in those of another, and a large number of appar- 
ently independent rock-groups have consequently been established, each under a purely 
local name, thus giving rise to a confusing variety of subdivisions, no two of which can 
be definitely correlated the one with the other. Of these the best known are the * 'Simla 
slates " and " Carbonaceous system " in the Simla hills and Mussooree, the ** Jaunsar 
system " in Jaunsar-Bawar, the ** Purple slates," **Deoban limestone " and ** Vaik- 
rita system ' ' of Garhwal and Kumaun, the * * Baxa ' ' and * * Daling ' ' series in the 
Darjeeling Himalaya and the slates and schists of the Miju ranges between North- 
Eastern Assam and Tibet. 

Granite and Crystalline Schists. 

In striking contrast with the amount of detailed attention that has been paid to 

the unfossiliferous sediments of the Himalayan zone, the 

Crystalline belt. i i i • i ^ 

metamorphosed schists and other crystalline rocks have> 
with one exception, been most strangely neglected. This has no doubt been largely due 
to the fact that the crystalline rocks, as a rule, lie in that ** no man's land '* between 
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ihe sedimentaiy Himalayan systems and the fossilif erous beds of "the Tibetan zone, and 
have thus, owing to lack of time and opportunity, failed to receive attention at the hands 
•of the respective investigators of these two belts of rocks. The one exception referred 
to is that of the gneissose granite of the ELimalaya, which was most exhaustively studied 
by the late Lieutenant-General C. A. McMahon, whose work is a monument of patient 
Gneissose granite. investigation and a brilliant example of the great assistance 

that can be rendered by a non-prof essional worker in the 
field of Indian geological research. Of the many valuable results of General McMahon's 
work, the most important of all was the conclusive proof of the intrusive origin of the 
granite, which had hitherto been regarded as a metamorphic rock of probably sedi- 
mentary origin, and, under the name of the ** central gneiss,"* had been described as 
the oldest of all^Himalayan rocks, whereas he was able to show that it was in reality 
-one of the youngest members of the Himalayan and Tibetan zones, into which it had 
been intruded, and with which it had been intimately infolded, whilst to it is due much 
-of the metamorphism^of the rocks amongst which it occurs. The period at which the 
intrusion of the Himalayan granite took place is not definite^ known, but is usually 

regarded as approximately coincident with the disturb- 

Age o e granite. auccs to which the origin of the Himalaya is ascribed and 

which oc<5urred towards the end of the eocene division of the Tertiary period. 

Fragments of granite have been found among the pebbles of the conglomerates 

PreXarboniferous granite ? of ^ the old " Paujal " rocks of Kashmir (see below, p. 242) 
ispiti and Kashmir. i ^ud in the '' Kuling system " in Spiti {infra, p. 234 ) ; it 

is therefore evident that granite must have formed part of the land surface 
from which the materials that make up these beds were derived and must conse- 
quently have been older than Carboniferous, which is the latest date that can be 
attributed to the Panjals {infra, p. 245). It will be seen subsequently that at this 
period the Himalaya did not exist and this old granite must therefore be excluded from 
the term ** Himalayan." 

Three other granites are found in the Himalayan region. The best known of these 

is characterised by the presence of biotite (black mica) and 

Biotite-granite. . 

the absence of the mineral hornblende. It forms almost all 

the high peaks of the great Himalayan range {supra, p. 44) and is the form 

commonly understood by the term '* Himalayan granite." Associated with it is 

another granite characterised by the presence of black tourmaline (schorl), plagioclase 

Schori-granite felspar and bcrr^'l ; this rock occurs in the form of bands 

intruded into the biotite-granite and is therefore younger 
than the latter ; the difference in age between the two, however, is probably not great, 
the tourmaline-granite being perhaps merely the residual portion of the magma which 
still remained molten after the separation of the biotite-granite, in which case they may 
be regarded as merely representing two stages of a single phase of Intrusion. 
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The remaining granite differs markedly in mineralogical characters from both of the 

foregoing and is especially characterised by the presence of 
hornblende and sphene. It was found to be common in the 
valleys of the Brahmaputra and Kyi Chu in the neighbourhood of Lhasa* and has also 
been noticed in the Upper Indus valley in Ladak, in Astor, in Gilgitf and again in the 
Hindu Kush in Afghanistan. In Tibet it was regarded as possibly a form of the common 
biotite-granite of the Himalaya modified by the absorption of lime from the rocks into 
which it hed been intruded ; but the type has now been found to persist over such a wide 
area that this explanation of its origin seems hardly satisfactory, and it should perhaps be 
regarded as a definite petrological type. The age of the hornblende- granite is not 
known with certainty ; it has been shown by General McMahon to be older than the 
typical biotite-granite and was found in Tibet to be either later Cretaceous or post-Creta- 
ceous. There is, therefore, no great difference in age between these granites and all 
three may possibly have been derived, by a process of differentiation, from the same 
magma, the hornblende-granite solidifying first, the biotite-granite next, and the tourma- 
line-granite last of all. The result of this is that each of the two older is penetrated 
by veins of the younger. 

It has already been pointed out {supraf p. 44) that the axis of the great Himalayan 

range, the line of highest peaks, lies on a continuous zone 

Extension of the biotite •granite. 

of gramte and associated crystalline rocks : this belt 
extends for some distance on either side of the axis and separates the old Himalayan 
sedimentary systems from the Tibetan zone to the north, at the same time sending out 
ramifications in all directions into both. Thus the granite extends down into Chamba 
on the west, to the Chur peak between Simla and Mussooree, far south into Nepal, 
Darjeeling and the Chumbi valley, and probably composes much of the mountains 
of Bhutan and the unknown regions further to the east. 

The associated crystalline rocks can, to a certain extent, be proved to be merely the 

Nature and origin of the crystal- metamorphosed representatives of the adjacent sedimentary 
line schists ; systcms. This is especially the case in the western part of 

the Himalayan belt, as, for instance, in the valley of the Sutlej in Kanawar, where the 
kyanite-schists and garnetiferous mica-schists bordering on the fossiliferous system o^ 
the Tibetan zone are seen to pass horizontally into comparatively unaltered beds which 
belong structurally to the Haimanta system J (see below, p. 232). 

Further to the east, in Kuinaun and Garhwal, a schistose series has been described' 

their distribution : in Kumaun Tinder the name of the Vaikrita 8ystem,§ part of which is prob- 
(Vaikrita system) ; ^y^ ^f similar origin. StiU further eastwards, in Northern 

Sikkim and the Assam Himalaya, this relationship between the granite and contiguous 
' si^im d Assam • Sedimentary beds is still traceable, but such metamorphism 

as can be ascribed with certainty to the granite extends to but 

♦ H. H. Hayden : Memoirs, Ofological Survty of India, Vol. XXXVI, pt. 2 (1907). 
t C. A. McMahon : Quarterly Journal. Geologieal SoGktff, Vol. LVI» 340 (19C0). 
X H. H. Hayden : Memoirs, Geologieal Survey of India, Vol. XXXV [, pt. 1, 9 (1904). 
§ C. L. Griesbach : Memoirs, Oeologieal Survey of India, Vol. XXIII, 41, 16J (1801). 
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- a short distance from the intrusive masses of this rock, and we are not justified in 
assuming that such rocks as compose the crystalline complex of the Upper Tista valley 
are the result of a single effort of contact-metamorphism. These include such types as 
pyroxene-granulite, graphitic biotite-gneiss and spinel-bearing crystalline limestone, all 
of which occur in the valley of the La-Chen river in Sikkim,* whilst pyroxene-gneisses 
have also been recently found by Mr. L. L. Fermor, of the Geological Survey, in the 
neighbourhood of the Pindari glacier in the Almora district of Kumaunf and presumably, 
therefore, amongst the rocks constituting the Vaikrita system. 

Between these two areas, crystalline limestone and other metamorphic rocks are 

known to occur in the valley of Nepal,! and may possibly be 
the representatives of the rocks of the La-Chen valley in 
Sikkim. Crystalline limestones have also recently been brought by Mr. Claude White 
from Bhutan. 

Thus we may regard the crystalline belt as composed of three elements, viz., intru- 

origin and relationship? of the ®^^® granite, metamorphic schists due probably to the action 

crystalline schists. ^f ^j^^ granite on the rocks into which it has been intruded 

and which it has partially absorbed, and, lastly, a series of old gneisses, schists, granulites 
and crystalline limestones, of which the advanced state of metamorphism cannot be 
attributed merely to the Himalayan granite. These latter rocks, in fact, bear a marked 
resemblance to certain Peninsular types which are found in Madras, Burma, Ceylon, the 
Central Provinces § and Rajputana, and which are referred to the Archaean, the oldest 
of all the Indian rock-groups. Far to the west, in North-Eastern Afghanistan, the Siah 
Koh and the moimtain ranges to the south and west of Kabul are either completely 
formed of similar types or have a foundation of these old rocks upon which younger 
fossiliferous beds have been unconformably deposited. In the intermediate areas 
crystalline schists are found in Hazara,|{ Gilgit and Kashmir,^ and, though in part 
merely altered representatives of sedimentary beds, probably also include members of 
the Archaean group. 

Thus it is diflScult to escape from the conclusion that the axis of the Himalayan 
chain and of the associated ranges to the west is in part made up of true represent- 
atives of the oldest known group of rocks, and that these are merely the northerly 
extension of the similar rocks of the Indian Peninsula. 

Sedimentary Systems. 

Throughout the whole of the Himalaya the crystalline axis is always separated by 

Sedimentary rocks of the Hima & belt of unf ossiUf erous sedimentary deposits from the band 

layan zone. ^| Sub-Himalayan rocks which skirts the outer foot of the 

♦ H. H. Hayden : Memoirs, Geological Survey of India, Vol. XXXVI, pt. 2 (1907). 

; H. B. Medlicott : Records, Geological Survey of India, Vol. VIII, 96 (1876). 

§ The pyroxene gneiss found by Mr. Fermor near the Pindari glacier is said to be indiAningtiishabla from similar 
rocks from the Central Provinces. 

II C. S. Middlemiss : Memoirs, Geological Survey of India, Vol. XXVI, 46 (1896). 

TI R. Lydekker : Memoirs, Geological Surrey of India, Vtl. XXIT, 266 (1883). 
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mountains. On the west, in Kangra district, in the Simla hills, and thence as far as the 
Nepal frontier, this belt occupies the greater part of the Lesser Himalayan ranges ; to 
the east of Nepal, however, the crystalline rocks approach nearer to the plains and the 
width of the sedimentary belt is reduced (Plate xxxvm). In the western areas it 
consists, as already pointed out, of a number of apparently unrelated groups denoted 
by local names, such as the ** Jaunsar system," *' Carbonaceous system," ** Deoban 
limestone," ** Purple slate and breccia series" and the '* Massive limestone." In 
the east its component members are known as the ' ' Daling ' ' and the * * Baxa ' ' 
series, respectively. 

Of the systems of the western area the Jaunsar is regarded as the oldest and is said 

to lie unconformably on the beds of the crystalline belt.* 
In eastern Sirmur the lowest member of the system is 
composed of slate and limestone, overlain by quartzite. Elsewhere the lower beds are 
not seen, and the quartzite lies directly on the crystalline rocks. Above the quartzites 
is a series of beds of trap, ashes and lava-flows, locally replaced partially by slate and 
limestone. In the Bangahal valley and again in northern Jaimsar a peculiar rock, 
composed of large boulders set in a fine-grained matrix, occurs in the lower beds of this 
svstem : it bears a curious resemblance to the so-called * * boulder-slate ' ' of the Blaini 
series ( see below, p. 223 ) and, like it, has been attributed to the action of floating 
ice, large boulders having presumably been thus carried out to sea, or, at any rate, into 
tranquil water in which fine-grained deposits were at the same time being laid down. 
This system has not been definitely recognised out of Jaunsar and eastern Sirmur. 
but it may be represented by a ^series of purple slates and volcanic breccia foimd in 
western Garhwal to the east of the Gangesf and throughout the hills around Naini Tal.f 
The Jaunsar system in Jaunsar-Bawar is overlain unconformably by a massive 

prey limestone series, which has been named the Deoban 

Deoban liniftstone. * 

limestone after the peak of that name north of Chakrata. 
The same limestone overUes the purple slate series of western Garhwal and Naini Tal 
( Plate XLi ) and a somewhat similar rock has been observed to the south-west of the 
Chur peak between Mussooree and Simla, in the Shali peak to the north-east of Simla 
and again in Eulu. 

The systems next to be described comprise the most widely distributed and most 
Simla slates and Carbonaceous readily recogniscd of all the Subdivisions of the great complex 
"^ of unfossiliferous sediments composing the Himalayan group. 

They are known as the Simla slates and the Carbonaceous system, and have been studied 
in considerable detail first by Mr. H. B. Medlicott§ and subsequently by Lieutenant- 
General C. A. McMahon(| and Mr. R. D. 01dham.11 The area in which they were first 



♦ R. D. Oldham : Records, Geological Survey of India, Vol. XXI, 131 (1888). 

t C. S. MiddlemiHB : Records, Geological Survey of India, Vol. XX, 26 (1887). 

J C. S. Middlemiaa : Records, Geological Survey of India, Vol. XXIII, 214 (1890). 

§ Memoirs, Geological Survey of India, Vol. Ill (1865). 

[| Records, Geoh gical Survey of India, Vol. X, 204 (1877), XIV, 305 (1881 ) XV, 34 (1882), XVI, 36 (1883). 

% Records, Geological Survey of India, Vol. XX, 143 (1887). 
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• 

examined and on which their description was based is that lying between the inner edge 
of the Sirmur series, to the north of Dagshai, and Simla, but they are believed to extend 
thence both eastwards and westwards to beyond Mussooree on the one side and into the 
Chamba-Dalhousie region on the other. 

The lowest member of the group consists of a series of slate and quartzite, 

well exposed throughout the ridges and valleys to the east 
of Simla, and seen all along the road from Sanjauli Bazar 
to Mashobra as well as on the outer slope of Elysium hill and the spurs below the 
Mall on the north-eastern side of Jako (Plate xl) ; to the visitor to Simla the slate is 
no doubt most familiar on the backs of coolies toiling up the steep ' * khud ' ' sides and 
plodding laboriously along the Mall. 

The next overlying subdivision is that known as the Blaini series, so called from the 

Blaini river below Solan, where it was first studied by 

Blaini series. . _ . . _ , . ,- 

Mr. Medlicott. This is the most charactenstic and readily 
recognised member of the Carbonaceous system and has served as a means of correlating 
various exposures in widely separated areas throughout the Lesser Himalayan ranges. 
It consists essentially of a bed of slate— presumably originally deposited as a fine mud or 
silt — through which are scattered sometimes pebbles of white quartz, sometimes large 
boulders of quartzite and other rocks. The large size of these boulders and the extremely 
fine-grained nature of the matrix in which they lie has led to a comparison of the Blaini 
'* boulder-slate " with the " till " or *' boulder clay , " a characteristic deposit among 

* 

the pleistocene or glacial beds of Europe, and which was formed by the instrumentality 
of floating ice during the Great Ice Age. Were the till to undergo severe pressure, such 
as the beds of the Himalayan zone have time and again been subjected to, the result 
would undoubtedly be a rock very like the Blaini boulder-slate for which a glacial 
origin has consequently also been inferred,* 

The upper part of the Blaini series consists of a thin band of limestone, sometimes 
blue but typically pink or bu£E in colour. Occasionally this bed is absent, but in the 
Simla area it is almost invariably to be found above the boulder-slate. A conspicuous 
outcrop of the limestone occurs at Simla in the steep bank above the Mall, just beyond the 
Lakkar Bazar, whilst the boulder-slate is particularly well exposed at the Sanjauli comer 
beyond the Mayo Institute (Plate xl). 

Above the Blaini series is a bed of black carbonaceous shale, which, owing to its 

colour, has frequently been mistaken by the inexperienced 

Carbonaceous shale. i i i i i . 

for coal, and has led to many a vain expectation of the 
discovery of this mineral in Simla on the hill-side above the *' Ladies' Mile." 

This is overlain by a thick series of quartzite and schist, known as the Boileaugan^ 

series in the Simla area, where it forms the greater part 

Boileauganj series. ^ ^ 

of Jako above the Mall and underlies most of the town.f Its 



* Manual of the Geology of India, 2nd edition, 133 (1893). The name *' tillite " has recently been introduced 
for indurated boulder-clays of glacial origin and pre-pleistocene age. 



t R. D. Oldham : Records, Geological Survey of India, Vol. XX, 143 (1887). 
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thickness is very variable, ranging from only about 20 feet on the Krol mountain near 
Solan to perhaps a thousand at Simla. 

The carbonaceous shale and overling quartzite and schist (Boileauganj series) 
were grouped together by Mr. Medlicott, who named them the * ' Infra-Krol ' ' series, 
on account of the fact that at the Krol mountain they underlie a thick band of lime- 
stone which caps both the Krol and the Boj, and which he, therefore, named the 

'*Krol limestone." At Simla the Boileauganj series is 
overlain also by limestone, but with it are associated beds of 
carbonaceous shale and igneous rocks, including a gametiferous hornblende-schist, 
^hich is found on the summit of Prospect hill ; these igneous beds have been regarded as 
altered volcanic ashes, but their origin is very obscure. In other localities beds of 
basalt have been found interbedded with the upper members of the Carbonaceous system. 
To the east, in Jaunsar, a thick series of quartzite, which has been named the '*Ba- 
Carbonice3us Vstem in ^ar quartzite," has been observed in the Tons and Pabar 

Jaunsar. valleys; it is overlain by volcanic beds, followed by car- 

bonaceous slates and limestones, and has been taken to represent the Boileauganj 
quartzite and overlying beds of the Simla area. 

Also, in Jaunsar, but not in direct contact with the above series, there is a thick 

group of quartzit€, slate, limestone, conglomerate and boulder- 

Bflandhali series of Jaunsar. o x x o 

beds, lying imconformably on the Deoban limestone. These 
are known as the Mandhali series, and have been correlated, owing to the presence of 
boulder-beds, with the Blaini series of Simla. A very similar series occurs on the 
eastern flanks of the Chur mountain, where it is overlain by carbonaceous slates and 
a thick formation of quartzite and schist exactly like the Boileauganj series ; this 
has been regarded as fairly conclusive evidence in favour of correlating the Bawars 
and Mandhalis with the Uthologically similar series of the Carbonaceous system. 

Beyond the Simla area, towards the west, beds regarded as the representatives 
^ ^ ^^. , of the Blaini series have been found in Chamba ; further to 

Supposed representative; of ^ x**xuuca wj 

the Blaini series: in Kashmir the wcst, in Kashmir, Mr. Lydekkcr has described a 

boulder-bed belonging to his Panjal system* as the exact 
-counterpart of the Blaini rock, whilst certain conglomerates and limestones so 
far off even as Chitral have been referred to the same horizon.t 

The rocks described as the Panjal system in Kashmir consist of a thick series of 
deposits composed of quartzite, slate and conglomerate (boulder-beds) below, capped 
by great masses of volcanic beds, frequently amygdaloidal, which represent old lava- 
flows. These are exposed on the Pir Panjal range, from which they take their name • 
a good section or part of them is seen along the cart-road, on the left bank of the 
Jhelum between Uri and Baramula ; they also form the hills on which Gulmarg 
stands. The upper or volcanic part of the system composes most of the hills sur- 



♦ Memoirs, Otologicai Survey of India, Vol. XXII (18S3). 

t C. A. UcUahon iQuaterly Journal, Geological Society, VoLLVI, 337 (1000), Oeological Magazine, Dec. IV 
Tol. IX. 7 (1902). 
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rounding the Kashmir valley on its northern and north-western sides from Baramula to 
Vihi, and is particularly well seen on the Gilgit road between Bandipur and Tragbal and 
in the immediate neighbourhood of Srinagar. In an easterly direction the Panjal 
beds are said to extend to Chamba,* where they include the beds supposed to represent 
the Blaini series of Simla. 

Still further westwards, in Hazara, a series of conglomerate and sandstone has 

been described by Mr. Middlemiss under the name of ' *Infipa- 

in Hazara. 

Trias," and has been correlated by him also with the Blaini 
series of the Lesser Himalayaf (Plate xlix). 

We thus see that the unfossilif erous sedimentary belt is composed of a patch- work 
Age and correlation of the ^^ ^^o^e or less isolated gToups of beds, uo two of which can, 
Blaini sencs. ^^j^ absolute Certainty, be identified one with the other. 

For the most part they consist of perfectly ordinary sediments such as have been 
formed at all times during the earth's history, at least since its surface was divisible 
into land and water, and are still forming round the coasts and in the seas of the 
present day. Consequently, so far as these deposits are concerned, correlation de- 
pends on the manner of association of the respective deposits ; thus, quartzites over- 
lain bv carbonaceous shales and limestones in one area are correlated with a similar 
sequence in another. This method of correlation by lithological characters is imfor- 
tunately open to many objections and cannot be reUed on except over very limited 
areas. Where, however, a peculiar and uncommon form of deposit occurs in two neigh- 
bouring areas, we are on safer ground in correlating the one with the other, and it is chiefly 
this method that has been employed throughout the Himalayan unfossiliferous belt. 
The Blaini boulder-slate is generally admitted to be of glacial origin,J and as 
boulder-beds of this character, now known as '* tiUites,'' are by no means of 
common occurrence, but have been formed under very special conditions, which are 
known to hav^ recurred only at rare intervals in the history of the earth, the Blaim 
rock has been regarded as the key to the solution of the mutual relationships of the 
respective members of the J^^dimentar}'- rocks of the Himalayan zone and, with 
the exception of the supposed boulder-slate of the Jaunsar system, all similaf beds 
in this belt have been referred to the Blaini series. Nor has this procedure been re- 
stricted to the rocks of the liCsser Himalaya ; it has been extended to certain supposed 
boulder-beds found in Spiti, in the Panjal system in Kashmir, in the Infra-Trias of Hazara 
and even so far afield as Chitral. All these have, by one observer or the other, 
been referred to the Blaini horizon, and this again has been correlated with the well- 
known Talohir boulder-bed, which is of undoubted glacial origin and which occurs below 
f ossiliferous deposits of known age in the Siklt Range and at the base of the Gondwana 
system of Peninsular India. The Blaini boulder-slate and its supposed representatives 
iiX other parts of the Himalaya have, therefore, all been referred to the Talchir horizon, 

that is to say, to about the Middle Carboniferous epoch of the European geological 

■ ■ ■ — "^i^^ii^i^ — — ^— ^^— ^^_«_^^__^.^_^.^_^^_^_ 

♦ R. Lydekker : Memoirs, Oeologiad Survey of India, VoL XXII (1883). 

t Memoira, Geological Survey of India, Vol. XXVI, 22 (1896). 

t T. H. Holland: Secorda, Oeologieal Survty of India, Vol. XXXVII, 129 (1908). 
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time-scale. This method of endeavouring to fix the age of the Blaini boulder-slate 
and its supposed representatives is a perfectly legitimate one, and the conclusions 
arrived at have until quite recently been accepted as offering a not improbable solution ; 
unfortunately, however, the beds in Spiti, which have been identified with the Blaini 
rock, have now been found to be perfectly ordinary conglomerates with only a super- 
ficial resemblance to tillite, whilst they have also been proved by means of fossils to 
belong to a horizon considerably younger than the Talchirs.* Again, the conglomerates 
of the Panjal system of Kashmir, as described by Mr. Lydekker,f occur at some con- 
siderable distance below the top of that system, and recent work near Srinagar has shown 
that the uppermost beds of the Panjal system, the traps, are probably older than the 
Talchir boulder-bed ;t consequently the Panjal conglomerates must be older still.§ Since, 
therefore, the correlation of the Blaini boulder-slate with the conglomerates of Spiti and 
Kashmir, which are comparatively near the Simla area, have proved erroneous, we must 
regard with suspicion any attempt to refer to this horizon beds in areas so far off as 
Hazara and Chitral. It must be admitted, however, that the wide distribution of the 
Talchir tillite, which has been identified both in Australia and South Africa, would 
iustifv its extension to the Simla area, but it must be remembered that in all other 
areas it is found associated with fossiliferous rocks of known age, and it is therefore 
extremely difl&cult to account for the absence of fossils in the Blaini series ; this might no 
doubt be attributed to the disturbance and crushing to which the Himalayan group 
as a whole has been subjected, were it not for the fact that beds no less crushed and 
altered have been found in other areas to retain their fossils in a recognisable state, 
whereas the rocks of the Himalayan zone, although often apparently eminently suited 
for the preservation of fossils, have not yielded so much as a trace of any structure that 
can be definitely pronounced to be of organic origin, much less any recognisable fossils. 
We are, therefore, compelled to conclude that these rocks are truly unfossiliferous and 
to give up further attempts to correlate them with the fossiliferous beds of known 
age. constituting the Tibetan zone to the north. There has consequently of late been 
a : general tendency to look elsewhere for the representatives of this great unfossili- 
ferous group. Attention has been drawn to this point by the Director of the Geologi* 
cal Survey in a *' General Report" on the work of his Department; Sir Thomas 
Hollandll writes — 

The fossiliferous character of the strata Ipng on the northern (Tibetan) flanks of the crystal- 
line axis stands in remarkable contrast to the unfossiliferous character of the beds which form the 
southern or Lower Himalayan zone. The persistence of the northern fossiliferous zone eastwards as 



♦ H. H. Hayden: Memoirs, Geological Survey of India, Vol. XXXVI, 61, 109 (1004). 

t Memoirs, Geological Survey of India Vol. XXII, 216 (1883). 

J H. H. Hayden: Records, Geological Survey of India, Vol. XXXVI, 23 (1907). 

§ It seems not improbable that the Panjal system may include more than one set of conglomerates, namelyf 
one of upper Cambrian or lower Silurian (Muth) a^e (infra p. 233), and another which occurs at the base of the 
Permian ; both of the3e are found in Spiti and have each been referred to the Blaini Doulder-slate.. If both of 
these occur in Kashmir, there are firrounds for suspecting that they may have been regarded as one and the same. 
This, however, cannot be setlled until Kashmir has been surveyed in detail 
KecordSt Geological Sufvey of India, XXXII, 156 (1905). 
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''ar as Sikkim, now established, naturally accentuates this contrast, and increases the suspicion, which 
has recently been growing amongst the members of the Geological Survey, that the Lower Himalayan 
rocks, like those of Simla, Eumaun and Bhutan, are members of very ancient systems of sediments, 
all or in part pre-Cambrian, nothing other, in fact, than northerly extensions of the Vindhyan, Cudda- 
pah and similar old systems of the Peninsula, which have been caught, like the much younger Gond- 
wana beds of Darjeeling and Assam, in the great earth-folds that have produced the Himalayan range. 
That one, two or more stratigraphical stages on the south could be unfossiliferous whilst their equiva- 
lents on the north are fossiliferous might be possible ; that such an accident could be carried through 
every geological epoch from Cambrian to Cretaceous is so highly unlikely, that we are driven to regard 
the ingenious and elaborate systems of lithological correspondences, which have been propounded to 
distribute the strata of the Lower Himalayan zone over the standard fossiliferous scale, as so much 
misdirected, though well intended, mental energy. 

That this solution is a nearer approximation to the truth is beconiing yearly more 
and more apparent. It has already been pointed out {supra, page 221) that rocks 
exactly resembling Archaean types of the Indian Peninsula and Burma have been 
found in Sikkim, Kumaun and Afghanistan, and it is not unreasonable to suppose 
that thev will also be discovered in the intermediate areas ; furthermore, the Baling 
series of 'Sikkim and the metamorphic and crystalline rocks of the Miju ranges at the 
extreme eastern end of the Himalaya have also been referred to well-known Peninsular 
types * and we are thus led to correlate the Himalayan group with the old imf ossiliferous 
and metamorphic beds comprised in the Archaean and Purana groupsf of the extra- 
Himalayan areas, which include such systems as the Vindhyans, Cuddapahs, Dharwars 
and that embracing the old gneissose rocks of Rajputana, the Central Provinces, Madras 
and Burma and so to regard this unfossiliferous belt as a northerly extension of what 
has been one of the most permanent, as it is one of the oldest, continental areas of the 

globe. 

The presence, inamediately to the north of this zone, of an extensive series of fossili- 
ferous marine sediments, further points to the conclusion 
that here lay the southern shores of the Tethys, the sea which 
extended over most of Asia during Palaeozoic and Mesozoic times. Its old littoral 
deposits can still be traced among the beds of the Tibetan zone and prove that much 
of the present Himalaya was a land surface even in early Cambrian times (see below, 
page 250) ; and the unconformities and overlaps found at various horizons in the 
Palaeozoic systems are indications of the vicissitudes through which this part of the 
ancient continent has passed. 

Exception may perhaps be taken to the correlation of the unfossiliferous Himalayan 

zone with the Archaean and Purana groups of Peninsular India on the groimd of the 

absence from the latter area of any known glacial deposits of pre-Gondwana age 

Tcsembling the Blaini boulder-slate. A somewhat similar rock, however, has been 

recorded as occurring among the Purana rocks of Rewa. J Certainly no great weight 

♦ J. M. Maclaren: Records, Geological Survey of India, Vol. XXXI, 181 (1904). 
t See table showing classitication of Himalayan systems : supra p. 208. 
X Memoirs, Geological Survey of India, Vol. XXXI, 132 (1901).. 
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can be attached to this observation, since definite proofs of glacial origin, such as stri- 
ation and facetting of the included pebbles, have not been obtained. It nevertheless 
indicates the possibility of a pre-Talchir glacial epoch on the Indian Peninsula. In 
this connection attention may be drawn to the extraordinary resemblance, amounting 
indeed almost to identity, of some of the old pre-Cambrian groups of rocks of India to 
those of South Africa : thus the Dharwar system is very similar to the Malmesbury 
series of Africa. In much later times the Gondwanas of India find their exact equivalents 
in the Karroo system of the Cape, whilst similar mutual resemblances can be traced 
between the Cretaceous deposits of the two areas. The intimate relationship of India 
to South Africa in later Palaeozoic and Mesozoic times has long been known, * but it 
is only quite recently that the more extensive geological surveys of South Africa 
have revealed the close resemblance between the older rock-groups of the two areas 
and have shown that from earUest times imtil comparatively recently the geological 
histories of the two areas have been strikingly similar. Many points of resemblance 
also exist between the geology of AustraUa and that of the Indian Peninsula and the 
recent discovery of boulder-beds of undoubted glacial origin below the Cambrian rocks 
of South Africa,t ChinaJ and (?) Au8tralia§ render it by no means improbable that 
glacial conditions existed also in India in pre-Cambrian times and left their record in 
the form of the Blaini boulder-slate. 

In the eastern Himalaya, the imfossiliferous rocks are represented by the Daling 

andBaxa series. The former consists of green and grey 

Dating series. -n i • -i • n i ■■ r i ^ J 

Silky slate, quartzite and, occasionally, beds of hornblende 
schist. These beds are much crushed and contorted, and frequently contain small 
deposits of copper-ore, which have long been mined in primitive fashion by the natives 
of the Darjeeling district. The series occupies the lower hills between the crystaUine 
rocks of Darjeeling and the Damudas of the foot-hills (Plate xxxvni, fig. 3) , and 
extends up along the Tista valley into Sikkim ; thence it runs eastwards into Bhutan 
and probably continues through the unknown ranges on the north of Assam. || 

In the foot-hills of Bhutan another set of rocks, composed chiefly of dolomitic 

limestone and quartzite and known as the Baxa series, from 
the hill-station of Baxa, is found between the Damudas and 
the Dalings. Neither of these series has yielded any fossils, nor have they any 
special lithological features in common with individual members of the subdividonB 
into which the unfossiUferous rocks of other parts of the Himalaya have been grouped, 
like these latter, however, they are now referred to the pre-Cambrian systems of the 

* Jfaniio/ o/ the, Oeology of India, Ist edition, VoL I (1879). 

f A. W. Rogeni in lOlh Annual Report of the Oed. Commission of the Cape of Qood Hope, 162 (1905). 

% Bailey Willis, Eliot Blackwelder and R. H. Sargent : Research in China, pt. 1, 267 (1907). 

{ Rev. W. Howchin : Quarterly Journal Qeologieal Society, Vol. LXIV, 234 (1998). The age of the South 
Australian tillite here referred to is regarded by Dr. Howchin as Cambrian, but aU Australian geologists are not 
agreed upon this point, some consideriog it to be part of the Permo-Carboniferous boulder-bed and so homo- 
taxial with our Talchir tillite. 

jj F.R. Mallet: Memjoirs, Geological Survey of India, VoL XI, 39 (1876); P. N. Bose: Records, 0eologic2l 
Survey of India, Vol XXIV. 217(1891). 
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Indian Peninsula, of which they probably constitute merely an outlying portion. The 
metalliferous Dalings in some respects resemble the Dharwars, whilst the rocks of 
the Baxa series may find their nearest relatives among the members of the Cuddapah 
system. 

Both the DaUng and the Baxa series always appear to overUe the crushed repre- 
sentatives of the Damuda series and also the beds of the Sub-Himalayan zone, which 
fringe the southern mounlain-foot. For this reason they were formerly regarded 
as possibly younger than the Damudas, but we now know that one of the most persistent 
features of the tectonic geology of the Sub-Himalayan zone is the manner in which the 
younger formations appear to dip below and underlie the older beds in the higher hills, 
a feature which v/e have seen to be due to recumbent folds and reversed faults ; and 
when we find that each higher member is more metamorphosed and more crushed 
than that below, we may safely assume that the apparent sequence is the reverse of 
the true one and that, as in the case of the Tal series and associated rocks in western 
Garhwal, the Daling is in reality older than the Baxa series and the latter older than 
the Damudas. 
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THE TIBETAN ZONE. 

The most northerly of the three zones of the Himalaya embraces not only the 
northern part of this mountain range, but extends far into Tibet and comprises one of 
the most complete representations of the geological record to be found in the world, 
ranging, as it does, from almost the earliest period of which there have yet been obtain- 
ed any unequivocal organic remains down to the Tertiary epoch. Between these 
extreme limits not a single period remains unrepresented, for, although there may be 
local gaps in one area, these are bridged over in another ; and as a book may be restored 
in its entirety from a number of incomplete copies, so the geological record may, with the 
exception of a few pages at the beginning and a few at the end, be pieced together 
from the editions lying open in the mountains of Kumaun, Spiti and Kashmir. 

Throughout the Himalaya, this northern, or Tibetan, zone is met with almost I 

evervwhere immediately behind the crystalline axis — the line 

Distribution of the zone. ^ \ , 

of high peaks — of the great Himalayan range. It embraces 
the Ladak and Zangskar ranges with their intervening troughs, and extends far to the 
north, probably at least to the great lake basin of Tibet and possibly as far as the Kuen 
Lun range. It consists of a vast thickness — more than 20,000 feet — of sediments almost 
entirely of marine origin and represented by such rocks as slate, sandstone, conglomer- 
ate and Umestone. Along its southern border it is in contact with the Himalayan 
granite, which throws out branches ramifying through and metamorphosing the com- 
ponent members of the sedimentary zone. 

Fossils had long been known to occur to the nonh of the great Himalayan range, 

Early stratigraphicai work in the ^^^ ^acred ' ' saligram* ' * of the Hindus having been identi- 
Himalaya. £^^ ^^ qj^ ammonite related to those found in the Jurassic 

beds of Europe, and as early as the year 1831, the presence of genera common in 
the European Palaeozoic and Mesozoic systems had been recorded in the Himalaya.f 
No systematic work, however, was undertaken till some years later, when (General 
Sir R. Strachey visited the Kumaun Himalaya and Ngari KhorsumJ and laid the 

* " Saligram " are ammonites brought into India chiefly from the Jurassic shales of Kumaun, Ngari Khorsum 
and the uplands of Tibet on the northern frontier of Nepal. They are to be found in Hindu temples in India, and 
are also worn as charms. Among the Buddhists of Tibet they are also regarded as having magical properties and 
are used in certain mystic rites. Sarat Chandra Das also dra\i8 attention to the presence of fossils among the 
offerings to the gods in Densa-til monastery near Samye on the Brahmaputra [Journey to Lhasa and Central Tibet, 
edited by W. W. Rockhill, p. 209 (1904)]. 

t Oleaninga in Science, Vol. Ill, 30 (1831). 

J Spelt Nari Khorsam in previous parts, but the more correct form has now been substituted. We have ex- 
perienced great difficulty in dealing with Tibetan names, since no phonetic system has yet been universally 
adopted. In the case of Indian names, we have decided, for the sake of consistency, to adopt the orthography 
of the Imperial Gazetteer, but, in dealing with names of Tibetan origin, we feel that this course would lea<i to 
needless perpetuation of error and have decided to employ the nearest possible approximation to the correct 
pronounciation. Thus, according to recognised standards of transliteration, the name Ngari Khorsum is written in 
Tibetan (m)Nga(h)-ri(s) (h)Khor-(g)8um ; the letters in brackets, being silent letters, may be elided, thus 
leaving the name as pronuounced — Nga-ri Khor-sum. In the case of Zangskar, we also follow the Tibetan 
spelling in preference to the form " Zaskar " employed in the Imperial Gazetteer ; the Tibetan form is 
Zanga (d)kar, which, in Central Tibet, would be pronounced Zang-kar, but in I^dak Zangskar. This is very 
uear the form Zanskar .sanctioned by long usage, which, however, has latterly been discarded for Zaskar, pre- 
sumably the nearestapproximation to the Tibetan word that the Kashmiri is capable of. [H. H. H.] 
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foimdations of Himalajran stratigraphical geology. He was followed by Dr. F. Stoticzka;. 
whose description and subdivision of the f ossilif erous rocks of Spiti* — a valley lying to 
the north of Kulu— long served as the basis for the classification of the sedimentary 
rocks of the Tibetan zone. Simultaneously the work of Lieutenant-Colonel Godwin- 
Austen f and of VerchereJ proved the extension of this zone into Kashmir, and the 
subsequent surveys of Kumaun, Ngari Khorsum and Spiti by Mr. C. L. Griesbach§ 
and of Kashmir by Mr. K. Lydekker,|| both confirmed and amplified the results of 
Stoliczka's earlier traverses, whilst the publications of the Geological Survey Department 
bear witness to the amount of attention that the Tibetan zone has received in recent 
years.^ Although much still remains to be done, and we can hardly claim yet to have 
advanced beyond the threshold of Himalayan stratigraphical investigation, neverthe- 
less we have obtained suflScient evidence to reveal the striking fact that, throughout 
almost the whole period covered by that branch of geology known as "Historical 
Geology" — ^that is to say, that portion of the geological time-scale determined by the 
remains of living organisms — what is now the northern slope of the great Himalayan 
range lay beneath the waters of a sea, which extended over Tibet and stretched at one 
time to China and at another to the Mediterranean. Throughout almost the whole 
of this period, the sea-floor continued steadily to subside and thus rendered possible 
the deposition on it of those thousands of feet of sediments which have now been raised 
once more into dry land and form part of the highest mountain range in the world. 
This great series of fossiliferous sediments falls into a number of natural subdivisions 
which are not capable of exact adjustment to those of the European scale. Thus the 

Correlation of the systems of ^^^*^ ^^^ ^^ division which is f ound in Europc between the 
ttie Tibetan zone with those of Palaeozoic and Mesozoic gToups does not exist in the Hima- 
laya, where beds of Permian age pass upwards by perfect 
giadation into others with Lower Triassic fossils. There is no break in the continuity 
of the deposits, and it is consequently impossible to define exactly where Palaeozoic ends 
and Mesozoic begins. Similarly, a well-marked break in the Indian deposits may be 
bridged over by a perfectly continuous sequence in the rocks of Europe, and it has now 
been found impracticable to apply to the one region the nomenclature of the other. 
Hence the natural groups of the Himalayan sequence must for the most part be 
recognised as individual units, characterised by names of their own and referable only 
approximately to European equivalents. 

The most marked break in the Indian stratigraphical sequence occurs at the base 

Classification of the deposits ^^ ^^^ Talchir bouldcr-bed, and this has been adopted by 
of the Tibetan zone. g- j. Tj^^^^^ HoUand as a datum line for the classification Jf 

all the post-Purana rocks, the beds found below this break being included in his 



♦ Memoira, Geological Survey of India, Vol. V (1866). 

t Quarterly Journal, Geological Society, Vol. XX (1864), XXI (1865), XXII (1866). 

X Journal, Asiatic Society of Bengal, Vol. XXXV (1866), XXXVI (1867). 

§ Memoirs, GeohguxU Survey of India, Vol. XXIII (1891). 

II Memoirs, Geological Survey of India, Vol. XXII (1883). 

II Pal Indica, Series XV. VoIb, I to V. 
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**Dravidian group'* and those above it in the '* Aryan group."* These two divisions 

are clearly marked oft from one another in the Salt Range and also in Kashmir, but 

there is some difficulty in demarcating them exactly in other parts of the Himalaya ; 

and in the present state of our knowledge of Himalayan stratigraphy the dividing line 

between the two cannot be rigidly laid down. 

The following table shows the subdivisions recognised in the rocks of the Tibetan 
zone : — 

Table XLLf 



o 



System or subdivision. 



Approximate European 
equivalent. 



Pleistocene. 



Tertiary. 



Earewas of Kashmir ; Ossieebous Beds of Ngari Ehorsum 

Stratigraphical break. 
NuMMULiric Limestone of Ngari Khorsum ; Indus Valley 

TERTIARIES. 
KaMPA SYSTEM j 

Flysch of Ngari Khorsum ; Chikkim series ; Giumal i Cretaceous. 

SERIES. I 



Spiti Shales : Jurassic of Southern Tibet. 
Kioto Limestone. 

Lilang system. 



Jurassic. 



Kuung system. 



Trias. 



Permian. 




(in Kashmir) 

Zewan stage. 

Gangamopteris Beds. 
Straiigraphical break. 



(in Spiti) 
Stratigraphical break. 



Po series 



Kanawar 

system. 



Panjal Volcanics. I LiPAK series 



(in Kumaun) 

Strati- 
graph- 
ical 

break. 



Carboniferous. 



MuTH system. 
Stratigraphical break. 
Haimanta system. 



Devonian. 



Silurian. 



Cambrian and possibly in 
part Pre-Cambrian. 



Haimanta system. 



Tibetan zone in Spiti and Kumaun (Plates xlhi, xliv, xlv). 

Haimanta system. 
The Haimanta system was the name given by Mr. C. L. GriesbachJ to a * series 

of conglomerates, quartzites and slates found in the 
Kumaun and Garhwal Himalaya and immediately overlying 
the crystalline schists of the Vaikrita system. The passage from the one 
system into the other is often quite gradual and no hard and fast line can be 
drawn between the two. This is no doubt due to the fact that the Vaikrita system 
consists partly of sedimentary beds which have been metamorphosed by the Himalayan 

♦ T. H. Hollaad : Trans. Min, and Genl. Inst, of India, Vol. I, 48 (190tf)! 

t See page 272. 

} Memoirs, Qeologtcal Survey of India, Vol. XXIII (1891). 



THE GEOLOGY OF THE HIMALAYA. 233 

granite and which are in all probability merely the altered representatives of the lowest 
members of the Haimanta system (see above, page 220). The greatest development 
of this system is fomid in the Kumami and Garhwal Himalaya, but it is also seen in the 
moimtains to the north of Kulu, in Spiti and in Lahaul. In Spiti, the uppermost 
beds have yielded trilobites similar to those found in the rocks of the Cambrian system 
in other parts of the world.* 

Mvth system. 

The beds of the Haimanta system are overlain by a group of beds named by Sto- 
Corai Umestone and congio- Uczka the "Muth series." In Kumaun and Garhwal the 
°**'**^- lowest member is a dark coral limestone with imperfect fos- 

sils, said to be of Ordovician age ; this subdivision is not found in Spiti, the slates 
with Cambrian trilobites being overlain unconformably by a conglomerate composed 
of pebbles of the underlying rocks. The next bed, both in the eastern and western 

sections, is a red quartzite, the colour of which is verv 

Red quartzite. ... " 

persistent and serves as an unfailing guide to the recog- 
nition of this subdivision ; it contains no determinable fossils, but is overlain by 
^ ..., ,. ^ limestone with corals — including the very characteristic 

Fossiliferous limestone. ^ .... 

species Hcdysites catenularia — trilobites and brachiopods, 
such as occur in the Silurian rocks of Europe. Above this is a remarkable band of 
white quartzite, which is a constant feature in Himalayan sections of this part of the 

fossiliferous series. It is known as the Muth quartzite, 
quar zi e. from the village of Muth in Spiti. At its base are some thin 

bands of darker quartzite containing a brachiopod [PentameriLs (?) oblongus] probably 
identical with a species common in the upper part of the Gothlandian of Europe. No 
fossils have been found in the main mass of the quartzite, which may be of either Goth- 
landian or Devonian age and probably represents a part of each system. 

Kanawar system. 

In parts of Spiti, but not in the more easterly sections of Kumaun and Garhwal, 

the Muth quartzite passes up into a thick series of limestone 
ipa series. ^^^ shale containing at the base fossils which are possibly 

of Devonian age, but in its upper beds a rich fauna characteristic of the lower Carboni- 
ferous (Mountain Limestone) of Europe. This is overlain by about 2,000 feet of shale 
and quartzite containing two important fossiliferous horizons, the lower of which has 

yielded plant remains and the upper is characterised by 

Po series : Fenestella shales. ,i«iji -n tt 

great numbers of Bryozoat amongst wnicn the genus Fenesteua 
is particularly conmion : this bed has consequently been named the * ^Fenestella 
shales."t It corresponds in age with the Upper Carboniferous of Europe. These two 
groups of beds, the limestone series and the shale and quartzite, have only been found 

♦ H. H. Hayden: Memoirs, Geological Survey of India, Vol. XXXVI. pt. 1 (1904). 
t Ibid. 

e2 



234 THE GEOLOGY OP THE HIMALAYA. 

completely developed in Spiti and Kanawar, being absent from Garhwal and Kumann. 
The lower series is very well exposed in the valley of the Lipak river near Lio, a 
village on the right bank of the Spiti river just above its confluence with the Sutlej ; 
it has consequently been named the Lipak series, whilst the upper beds, the shales and 
quartzites, are known as the *'Po series," aft^r the village of Po in lower Spiti, For 
convenience of reference the two may be grouped together under the name ' ' Kanawar 
system. ' ' 

The top of the Po series, which corresponds approximately with the end of the 
Carboniferous period in Europe, marks an important epoch in the stratigraphical his- 
tory 01 the Spiti and Kumaun Himalaya. The shales and quartzites pass upwards 
into conglomerates composed of rolled boulders of limestone, slate, quartzite and 

Break in continuity of deposits granite derived from the erosion of the various older rocks, 
above the Kanawar system. g^^jj^ ^^ ^j^^ p^ quartzitcs, lipak Umestoues and mem- 

bers of the Haimanta system. It is thus clear that before the deposition of this 
conglomerate parts of the sea-floor, on which the older systems had been laid 
down, were raised up to form dry land, which then underwent erosion. Similar con- 
ditions prevailed throughout Garhwal and Kumaun and may have extended even 
further east, but the whole of the Nepal, Bhutan and Assam Himalaya is still unsur- 
veyed and we know practically nothing of the geological conditions to the east of Kum- 
aun. A group of beds, which has been described as the Dothak series,* at the lower end 

of the Phari plain, may possibly cover a part of this period, 

Dothak series in Tibet. t_*i ^ ^ •! r • x i xi. xi. j; j.t_ 

whilst fossils of approximately the same age as those of the 
Fenest^lla shales have been found in rolled boulders in the gorge of the Subansiri in 
Assamf and. thus afford evidence of the presence of fossiliferous beds somewhere in 
the catchment area of that river, but their relations to such older and younger beds 
as may be present are completely unknown. 

In the Kumaun and Garhwal Himalaya the whole of the Po series, as well as the 
Absence of Kanawar system Lip^k scries, is wanting, and the ovcrfying beds rest usually 
from Kumaun. qj^ ^j^ eroded surf acc of the Muth quartzite or, more rarely, 

on the underlying limestone. In Spiti and Kanawar extensive erosion took place 
throughout the greater part of the area before the deposition of the conglomerate 
which occurs above the Po series, but at both the upper and lower ends of the Spiti 
valley, the Lipak series and the Po series have been preserved. 



Ruling system. 

The next overlying series was first observed in Spiti by Stoliczka, who named it 
the Killing series. J It consists of conglomerate at the base overlain by calcareous 



♦ H. H. Hayden: Memoirs, Geological Survey of India, Vol. XXX VI, part 2 (1907). 

t J. M. Maclaren : Records, Geological Survey of India, Vol. XXXI, 186 (1904) : C. Diener : %bid, Vol. XXXU. 
189 (1905). 

X Memoirs, Geological Survey of India, Vol. V, pt 1 (1865). [ 
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sandstone which is covered in turn by a bed of black shale — about 150 feet thick — known 
^s the * * Productus shales ' ' * on account of the predominance in it of brachiopods, 
which were originally referred to that genus. In Kumaun and Garhwal the presence 

of the conglomerate and overlying calcareous sandstone has 
not been recorded, but the Productus shales appear to lie 
directly on one or other horizon of the older systems. The fossils of the Productus 
shales are numerous and well preserved, and this horizon, together with the underlying 
sandstone and conglomerate, is regarded as approximately equivalent to the Permian 
Bystem of Europe. 

Lilang system. 

The next overlying beds show a distinct change both in the character of the com- 
ponent rocks as well as in the fauna that they contain ; for whereas the predominant 
elements of the Kuling system are shallow- water coastal deposits, such as conglomerate, 
sandstone and shale, containing the remains of brachiopods, the next group of beds 
consists chiefly of limestone, deposited for the most part in deeper water beyond the 
reach of the sand and mud derived from the neighbouring land. The fauna, too, 
•comprises chiefly ammonites, with only a comparatively small percentage of brachio- 
pods. The change, though rapid, is by no means abrupt ; marine conditions still 
prevailed, but the sea-bottom slowly subsided and what was formerly a comparatively 
shallow-water area now became deeper and further removed from the shore. There 
was no interruption of continuity of deposition on the sea-floor nor any sadden change 
in the character of the deposits. It is consequently impossible in the Himalaya to draw 
any hard line between the top of the Palaeozoic group and the base of the Mesozoic, 
the passage from one to the other being perfectly gradual. The Productus shales 
pass up into an alternating series of thin bands of shale interbedded with equally 
thin bands of impure limestone ; as the series is followed upwards, the calcareous 
element increases and the shale disappears and thence there extends to a ver- 
tical thickness of over 6,000 feet a perfectly uninterrupted group of deposits of which 
the predominant rock is limestone, with subordinate bands of shale and sandstone. 
This vast series of marine sediments comprises representatives of all the members 
of the Mesozoic group of Europe, which can be readily identified by means of the numer- 
ous fossils that they contain. The most important subdivision, both in point of thick- 
ness as well as of fossil contents, is the Lilang system, which is over 3,000 feet thick 
in Spiti and rather less in the Kumaun and Garhwal Himalaya. The base of this 
system is regarded as lying immediately above the Productus shales and beneath a 
thin band of limestone known as the Otoceras zone, so called from the prevailing genus 
of ammonite found in it. The lower beds of the Lilang system correspond to the Lower 
Trias of Europe and possibly in part to the uppermost subdivision of the Permian 
isystem. They consist of thin bands of limestone and shale, passing upwards into a 
thick bed of nodular limestone. Part of this latter bed, together with a series of bands 



• Memoira, Geological Survey of India, Vol. XXIII, 66 (1891) ; XXXVI, pt 1 (1904). 
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of limestone separated by thin partings of shale, represents the Muschelkalk of Europe, 
whilst the remainder of the Middle Trias, the Ladinic stage of Europe, is represented 
by shale and limestone containing the characteristic European fossil Daondla lommdi. 
Above this, again, are representatives of the carnic and juvavic stages of the Upper 
Trias (for correlation see below, p. 239). 

£^7^0^ Limestone. 

From Spiti eastwards as far as the western frontier of Nepal, the Zangskar range 
^. , . is usually capped by a great mass of limestone, over 2,000 

Kioto Limestone. " , . ' . 

feet in thickness, which is for the most part unfossiliferous, 
but the uppermost beds contain a rich Jurassic fauna, whilst those at the base 
contain bivalves (MegcUodon and Dicerocardium) characteristic of the Upper Trias* 
The upper part was named by Stoliczka the " Tagling limestone " and the lower the 
" Para limestone,'' of which the Tagling was intended to represent the Jurassic, and the 
Para the Triassic, part. like most of the other Himalayan formations, however, this 
limestone mass cannot be subdivided according to the European scale ; it is a well- 
charcterised stratigraphical unit in which it is impossible to say where the Triassic part 
ends and the Jurassic begins. It is therefore necessary to have a single name for it, and 
in recent publications of the Geological Survey it has been referred to as the '' Grey Lime- 
stone," * in which term was included the whole limestone mass between the top of the 
Quartzite series of the Lilang system and the base of the Spiti shales. Unfortunately the 
term " Grey Umestone ' ' had already been applied to a subdivision of the Nummulitio 
series in Hazara f and to employ it also for the limestone of Spiti and Kumaun would 
lead to confusion. The latter might appropriately be called the " Kioto limestone," as 
it is well seen in the cliffs behind Kioto in upper Spiti. Of its two subdivisions the name 
Para stage is restricted to the beds containing Megalodon and latterly known 
as the " Megalodon limestone," f whilst the Tagling stage includes all the rest. 

All the subordinate stages of the European Trias have been recognised by their 
fossils, but the perfect continuity from base to summit of the stratigraphical sequence 
of the Mesozoic group in the Himalaya, where a single mountain-side not infrequently 
affords a complete section from the Productus shales to the top of the Spiti shales, 
renders it impossible to define the exact limits corresponding to those of the stages 
of the European Trias. The classification of the Himalayan sequence is, therefore, 
based on the natural subdivisions of its component beds which, according to their fossil 
contents, can be approximately referred to their European equivalents. Such corre- 
lation is facilitated by the large number of characteristic European species, particularly 
of ammonites, found also in the Himalayan Trias. The general resemblance of the 
fauna of the Trias of the Himalaya to that of the Alps is indeed so great as to lead to the 



♦ A. von Krafft : Memoirs, Geological Survey of India, Vol. XXXII, pt. 3 ()902) ; C. Diener : Pal Indica, ser. 
XV,Vol. V, No. 3 (1908). 

t C. S. Middlemifis : Memoirs, Geological Survey of India, VoL XXVI (18U0). _ 

X H. H. Hayden : Memoirs, Geological Survey of Ind,ia, Vol. XXXVI, pt. 1 (1904) ; C^Dientr : op. cit. 
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conclusion that during the Triassic epoch, the sea, known as the Tethys, which extended 
over much of Asia, was continuous with that in which the Trias of the Alps was being 
laid down, and that thus intercommunication took place between these two areas. 

Spiti shales. 

In Spiti, as well as in the Garhwal and Kumaun Himalaya, the steep limestone 

cUfis (Kioto Limestone) of the Zangskar range are usually 
capped by undulating downs covered with black friable 

shales. These are known as the Spiti shales and have yielded large numbers of ammonites 

and belemnites of Upper Jurassic type.* 

Giumal and Ghikkim series. 

Here and there, resting on the Spiti shales, lie beds of sandstone, occasionally capped 

by Umestone and shale ; these are known as the Giumal sand- 

Giumal and Ghikkim series. , m.-t i*i* j. i/>nMi* 11 .-i 

stone, (jhikkim limestone, and Chikkim shales, respectively, 
and have been so named after the villages of Giumal and Chikkim in Spiti ; they 
have yielded few fossils, but such as have been found are of Cretaceous age.f 

Classification of the Aryan and Dravidian systems of the Tibetan zone in 

Spiti and Kumaun. 

The above short description of the Palaeozoic and Mesozoic rocks of the Tibetan 
zone is based on their development in Spiti and in the mountains of Kumaun and 
Garhwal, in which areas they have been studied in greater detail than elsewhere, whilst 
the sequence from the base of the Haimantas to the Chikkim shale is the most complete 
and continuous yet observed in any part of the Himalayan region. Even in these areas, 
however, much still remains to be done, especially in the direction of a detailed study 
and subdivision of the Kioto Limestone which embraces the uppermost Trias and 
the greater part of the Jurassic system. 

The change from limestone to Spiti shales and Giumal sandstone marks the 

beginning of a new phase in the geoloffical historv of 

End of marine and beginning . i . 00 j 

of continental phase in the the Himalaya and Tibet. The Tethys gradually began 
ima ayan area. ^ recede, its southcm shorcs crept slowly northwards and 

areas, which, throughout almost the whole of the Triassic and lower Jurassic periods, 
had lain beneath a clear and tranquil sea, were now brought within reach first of 
mud and silt and then of sand and grit carried down by rivers from the south. 
Gradually ^e sea retreated until the northern ranges of the Himalaya and the whole 
of Tibet became a continental area. During the progress of this change, however. 



♦ F. Stoliczka : MemoirSy Geological Survey of India, Vol. V. (1865) ; V. Uhlig : Pal. Indiect, ser. XV, Vol. IV 
(19c}3V 

t F, Stoliczka : op. cit. 
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deposition continued for some time in Ladak, Ngari Khorsum and Central Tibet ; the 
deposits thus formed are of lower Tertiary age and are partially marine and partially of 
fresh- water or estuarine origin. The former are found in Tibet and in Zangskar and the 
latter in the Indus valley in Kashmir. In Zangskar these Tertiary beds are repre- 
sented by a mass of nummulitic limestone found at an elevation of 18,500 feet on 
the peaks above the Singhgi La,* whilst, further east, nunmiulitic limestone is said by 
Mr. Griesbach to overlie the Cretaceous beds in Ngari Khorsum, to the north-east of 
the Niti Pass.f The Tertiary rocks of the Upper Indus valley and of the more 
easterly portions of Tibet will be referred to subsequently {infra, p. 245). 

None of these beds are younger than eocene, the oldest subdivision of the Tertiary 
system, and they thus furnish us with an approximate date for the close of the marine, 
and the opening of the continental, phase in the history of the Indo-Tibetan area ; 
this date may be placed in the latter part of the eocene period of the Tertiary epoch. 
The crustal disturbances which then took place, resulting in the rise of the land and 
retreat and disappearance of the sea, were accompanied by great volcanic activity, 
evidences of which are now to be seen in the lava-flows associated with the Tertiary 
deposits and in the dykes of intrusive rock found cutting through all the older sedi- 
mentary deposits. 

The annexed table shows the detailed classification of the Aryan and Dravidian 
rocks of Spiti and Kumaun.J 



The " Exotic Blocks " of Malla JpHAR (Plate xlvi). 

Before passing on to discuss the development and distribution of the Palaeozoic 
and Mesozoic beds in other parts of the Himalaya, it is necessary to refer to a very pecu- 
liar group of detached blocks of limestone and other rocks found in the extreme north 
of Kumaun on the Indo-Tibetan frontier and beyond in Ngari Khorsum (Hundes). The 
culminating ndge of the Zangskar range in Malla Johar and the northern slopes of the 
same range at Chitichun in Ngari Khorsum are composed chiefly of Spiti shales overlain 
by a sandstone formation (the equivalent of the Giumal sandstone of Spiti) which passes 
upwards into a series of sandstone and shale (probably of Cretaceous age) exactly resem- 
bling the European '^Flysch." Overlying these and resting sometimes on the Spiti 
shales and sometimes on the flysch, and inextricably mixed with, and embedded in, masses 
of andesite and other basic volcanic rocks, are innumerable blocks of sedimentary rock^ 
varying in size from mere pebbles to masses of many thousand cubic yards in volume^ 
Blocks of limestone, sandstone, Spiti shale and flysch lie scattered through the volcanics 



♦ T. D. LaTouche : Records, Geological Survey of Ivdia, Vol. XXI, 160 (1888). 

t Memoirs, Geological Survey of India, Vol. XXIII (1891). 

X A. von Kraflft : General Report, Geological Survey of India, 1899-1900 (1901) ; 

H. H. Hayden : Memoirs, Geological Survey of India, Vol. XXXVI, pt. 1 (1904) ; 

C Dienor : Pal. Indica, ser. XV, Vol. V, No. 3 (1903). 
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with no trace of regularity or arrangement, whilst the jumble becomes the more con- 
fused when the fossiliferous character of certain of the blocks reveals the striking fact 
that almost every stratigraphical horizon from Permian to uppermost Cretaceous finds 
its representative in one or other individual block. Unfossiliferous blocks prevail, 
but those which contain fossils have yielded specimens both sufficiently numerous and 
sufficiently well preserved to leave no room for doubt as to the particular horizon to 
which each belongs. When, however, we compare them with the corresponding horizons 
of the typical Palaeozoic and Mesozpic sequence of Spiti and Kumaun, they are found to 
show a very marked difference both in their physical character and in the fauna that 
they contain. Thus the curious fact is revealed that in one and the same area, and 
almost in contact with one another, there are two distinct facies of Permian, Triassic 
and Jurassic rocks, the one being the typical Spiti-Eumaun facies and the other that of 
the exotic blocks. The latter, therefore, cannot be merely fragments of the underlying 
beds which have been brought into their present anomalous position on the top of beds 
younger than themselves by a simple process of faulting to which the origin of certain 
of the European " Klippenziige " or "blocs exotiques " has been ascribed; but 
they must have been transported from some other area, where the upper Palaeozoic 
and Mesozoic facies is different to that of the typical Tibetan zone. Such an area may 
possibly be found to lie to the north, in Ngari Khorsum, which is still a terra incognita, 
but perhaps contains the solution of one of the most interesting problems of Indian 
stratigraphical geology. 

The invariable association of these exotic blocks with great masses of lava and other 
Mode of origin of the exotic volcanic rocks of sub-aerial origin affords a clue to the 
*^^®^^* manner in which they have been transported to their pre- 

sent position. During the great outburst of volcanic activity which took place 
throughout the northern parts of the Himalaya and in western Tibet in early Tertiarv 
times, these blocks were torn by the disruptive forces from their parent mass and 
carried on the lava-flows far to the south of their original home.* 

The Tibetan zone in the Eastern Himalaya (Plate xlvii). 

We shall now try to foUow the Tibetan zone from the typical areas of Spiti and 
Kumaim into other parts of the Himalaya. We have already seen that in these two 
districts the only points of difference in the oldest (Dravidian) group of the fossiliferous 
rocks is the absence from Spiti of the Lower Haimanta conglomerate and of the coral 
Umestone which occurs at the base of the Muth system in Kumaunf and the presence 
iu lower Spiti of an extensive series of beds, the Kanawar system, J which has not 
been found in any part of Kumaun. 



* A. vonKrafft: Memoirs, Oeohgical Svrv^y of India, Vol. XXXII. pt. 3 (1902). For other literature on the 
subject of the Exotic blocks see Records, Geological Survey of India, Vol. XXVI, 19 (1893), Denksthr, d. L Akad 
Wien,, LXII, 533 (1895); Memoirs, Geological Survey of India, Vol. XXVIII, 1 (1896); Pal Indica, ser. XV. 
Vol. I, pt. 3 (1897) ; Vol. II, pt. 3. 

t Memoirs, Geological Survey of India, Vol. XXIII (1891) ; XXXVI. pt 1 (1904). 

t Memoirs, Geohgical Purvey of India, VoL XXXVI, pt 1. (1904), 
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The development of the Aiyan group is almost identical in the two areas, but in 
Kumaim the Lilang system is not quite so thick as in Spiti. As the Tibetan zone is 
followed south-eastwards towards Nepal, this thinning out of the Lilang system (Trias) 
is very marked, the total thickness in Byans being only 2,000 feet as compared with over 
3,000 feet in Spiti. East of Kumaun practically nothing is known of the Tibetan zone 
imtil we reach the northern frontier of Sikldm, where there is a very extensive develop, 
ment of Jurassic beds, which appear to cover almost the whole of this part of 
Tibet from Sikkim and Bhutan on the south to beyond* Lhasa. The limestones of the 
Lhonak range, north of Kinchinjunga, and a small group of limestones at the south- 
eastern edge of the Phari plain, probably represent parts of the Trias and the Lias of 
Europe, and the hills which nm from ILam-pa Dzong to Tuna contain an interesting 
group of limestone and shales (Kam-pa system) of Cretaceous and Lower Tertiary age.* 
The fossiliferous boulders of Permo-Carboniferous age, found near the mouth of the 
Subansiri river in Assam, have already been referred to {supra^ p. 234). 

Thus we see that little is known of the Tibetan zone to the east of Kumaun, but 
it is highly probable that Mesozoic rocks (chiefly Spiti shales and other Jurassic beds) 
run continuously eastwards along the northern frontiers of Nepal and Bhutan, possibly 
even as far as the gorge of the Brahmaputra. 

Kashmir and the Western Himalaya (Plate xlviii). 

Returning once more to our central area and proceeding north-westward and west* 
ward from Spiti, we find an extensive development of the Tibetan zone in Kashmir. 
In the year 1883 Lydekker published an account of the geology of Kashmir and adjoin- 
ing territories,t based on his own surveys and upon the work of previous observers, 
amongst whom the names of Drew, J Godwin- Austen,§ Verchere i| and Stoliczka ^ 
are conspicuous. This work was completed before detailed surveys of Spiti and Kumaun 
had been carried out and his classification of the rock-groups of Kashmir is on broader 
lines than that since adopted for the latter areas. He recognised four main systems in 
the rocks of Kashmir, viz. (I) " Tertiary," (2) " Zanskar," (3) " Panjal," and (4) "Crys- 
talline and Metamorphic." 

The crystalline and metamorphic rocks, which consist of granite, gneiss and 

schist, cover the greater part of Northern Kashmir, including 

^^ ^^ '^ ' Baltistan, and run west- wards through Chilas and Gilgit 

into the mountains of Afghanistan. Towards the east they run through northern 

Ladak and probably continue thence through Western Tibet (Rudok) and Chumurti 

into the mountainous regions north of lake Manasarowar and the head-waters of the 

» Memoirs, Geological Survey of India, Vol. XXX VI, pt. 2 (1907). 

t Memoirs, Geological Survey of India, Vol. XXII ( 1883). 

J The Jummoo and Kashmir territories (1876). 

§ Quarterly Joumd, Geological Society, Vol. XV, 221 (1859), XX, 383 (1864), XXI, 492 (1865), XXU, 2ft 
(1866), Journal, Royal Geographical Society, XXXI, 30 (1859). 

II Journal, Asiatic Society of Bengal, Vol. XXXV, pt. 2 (1866), XXXVI, pt. 2 (1867). 

'% Memoirs, Geological Survey of India, Vol V, pt, 1 (1865), pt. 3 (1866). 
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Brahmaputta. In Eastern Kashmir they constitute much of the district of Zangskar, 
sending out a narrow arm south-eastwards through Lahaul to join the similar rocks of 
{he great EQmalayan range between Eulu and Spiti, and thus merging into the crystal- 
line axis of the Himalaya. 

In south-west Kashmir a narrow strip of crystalline rocks runs along the Pir Panjal 
range, forming a narrow tongue protruding from the wider crystalline area of Chamba 
and the Dhauladhar range, which, again, is an ofishoot from the crystalline axis of the 

Himalaya. 

The prevailing type amongst the rocks of this series both in Zangskar and in the 
Pir Panjal is the characteristic Himalayan biotite-granite, and these two crystalline 
areas are the result of the bifurcation of the hitherto unbroken central zone of the 
Himalaya. The crystalline zone, which crosses the Sutlej, as a single broad band, from 
east to west, splits up in Kangra district into two branches, one of which, following 
the range between Kulu and Spiti, runs through Lahaul into Zangskar, where it ends 

in the Nun Kun peaks. The other branch, still maintaining 

etr u on. much the same trend, passes through the Dhauladhar range 

into the Pir Panjal, where it thins out to a narrow strip, separated only by a band, of 

insignificant width, of pre-Tertiary rocks from the Sub-Himalayan zone of Jammu and 

the Murree hills. 

Between these two branches of the crystalline zone lies a broad area of sedimentary 
rocks belonging to Lydekker's " Panjal " and " Zanskar " systems, which correspond 
approximately with the Dravidian and Aryan groups, whilst along the north-east of 
the Zang^l*'^^ branch runs the direct continuation of the Tibetan zone of SpitL Through- 
out K^^^fthmiT the sedimentary beds continue north-westwards until they meet the 
great crystalline complex of Baltistan, Gilgit and Chilas. 

The outermost strip of sedimentary beds, which lies between the Sub-Himalayan 

zone of Jammu and Murree and the crystalline axis of the 
Pir Panjal range, has been included by Mr. Lydekker 
partly in his " Zanskar " system and partly in the " Panjal " system, which latter takes 
its name from the Pir Panjal range. 

The '' Pan] al ' ' system includes a great variety of rocks, all apparently devoid of fossils 
and consisting of slates, conglomerates and great masses of trap, representing old lava- 
flows ; the slates and conglomerates prevail in the lower part of the system and the traps 
in the upper. The system completely surroimds the Srinagar valley and extends thence 
southwards along the edge of the crystalline zone of Zangskar. On the opposite side 

of the latter it runs north-west and south-west and is directly 
continuous with the Tibetan zone of Spiti. Small patches of 
the same system also occur at the lakes of Pangong and at Changchenmo near the 
frontier of Tibet. 

The " Panjal " rocks of the western or Srinagar area differ from those of the eastern 
part of Kashmir ; the upper division of the former is composed of great beds of trap, 
whereas this volcanic element is wanting in the latter area. No detailed subdivision of 
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the system was attempted by Mr. Lydekker, who correlated the whole of the Panjals with 
the Dravidian rocks of the Tibetan zone, that is to say, with the whole rock series 
extending from the base of the Haimantas to the base of the Ruling system* Such 
correlation may be correct for Eastern Kashmir, where the sedimentary rocks on the 
north-east of the Zangskar crystallines are the direct continuation of the Tibetan zone 
of Spiti. 

Li the western area, however, it is highly probable that the "Panjal '* system, as 

found in Chamba and the Pir Panjal range, includes also 
members of the Himalayan zone of the Simla region, the 
'beds of the latter area being probably continuous through Kangra and Chamba to the 
Pit Panjal, and also being represented in Jammu by the limestone formation known as 
the "Great Limestone," on which the Tertiary beds of the Sub-Himalayan zone 
rest unconformably.* Hence, in Western Kashmir, the " Panja] " system probably 
embraces representatives not only of the Dravidian members of the Tibetan zone, 
but also of the pre-Cambrian rocks of the Himalayan zone. Mr. Lydekker made no 
attempt to discriminate between these two, since he believed them to be one and the 
same, and a detailed survey must be made of Western Kashmir before the repre- 
sentatives of the two zones can be separated and compared. 

The only fossils hitherto found in the Panj al rocks of Western Kashmir occur in a 

Age of the voicanics of the band of Umestonc, which is interstratified with beds of volca- 
Panjai system. ^^ ^^^ ^j^ ^^^ Upper or trappcau division of the " Panjal " 

system in the >iil1« aroimd Imsalwara (Ambersilwara) about 20 miles to the north 
of Baramula. The fossils are mostly encrinites and brachiopods, but only very badly 
preserved specimens have been found. This f ossilif erous bed, the age of which may be 
Devonian or Lower Carboniferous, is at present unique in the " Panjal " system and is 
well worth the attention of travellers in Kashmir. 

Above the " Panjal " system is a thick series of beds of which the prevailing 

rock is limestone, with some quartzites and shales near the 

'' Zanskar •'system. r-,^ . . ^ i ^ i ^ *^ r» i is . i • i i i 

base. This is Lydekker s Zanskar system, which he sul>- 
divided into three series, known as the KuUng, supra-Kuling aod Chikkim series 
respectively. The Kuling series he regarded as the equivalent of the Producturj shales 
(originally named by Stoliczka the " Kuling shales ") of Spiti : the supra-Kuling series, 
^hich is composed chiefly of limestone, is the equivalent of the beds between the Otoceras 
zone (base of the Lilang system) and the base of the Chikkim limestone of Spiti, whilst 
the name, Chikkim series, was applied to the representatives in Kashmir of the Chikkim 
limestone and Chikkim shales. 

The sedimentary rocks of Kashmir, although highly fossiliferous in certain local- 
ities, are, as a rule, much poorer in fossils than those of Spiti and|Kamaun ; this, com- 
bined with the fact that time did not permit him to carry out his work on the detailed 

* H. B. MedlicQtt : Records, Oedogieal Survey of India, Vol. JX, 49 (1876) : B. B. Simpson : Memoirs, Oeologieal 
Survey of htdia. Vol. XXXII, pt. 4 (1904). .. 
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scale that lias since been possible in Spiti and Kuinaim^ led Lydekker to work on 
broad lines and to rely largely on the physical character! of the rocks as a guide to their 
correlation with one another and with those of adjacent areas. Consequently all the 
slates, conglomerates and traps were referred to one sj^tem, the " Panjal," and all 
important groups of limestone to the overlying system, the "Zanskar." 

In order to correlate the " Panjal " and " Zanskar " systems with the fossiliferous 

Correlation with Tibetan zone gToups of the Tibetan zonc, we ttiust tum first to that part 

in Spiti and Kumaun. ^f Kashmir which adjoius S^iti. Here we find that the 

sedimentary beds of the Tibetan zone run continuously from the one area to the 
other ; although interrupted for a time by the crystallitie area of Zangskar, the 
same zone can be followed north-westwards to Vihi, Draa» Tilail and Gurais, where, 
however, owing partly to lack of fossils but even more to the fact that no detailed survey 
of these areas has yet been made, only a few of the subdivisions of the typical Spiti 
sequence have been recognised. The most interesting, and How the best known, of the 
above areas is Vihi. Here the massive hills of trap, which extend along the northern edge 
of the Srinagar plain and constitute the uppermost member of the *' Panjal " system, 
are overlain by shales and limestones. Immediately behind the village of Zewan, and 
again near the foot of the hills to the north-west of Khunmu, are the two most famous 
localities for fossils in all Kashmir. Immediately overlying the trap are bands of chert 
and shale, in the latter of which have been found remains of fishes and plants ; these 
are of the greatest interest and importance, for the plants belong to the genus Ganga- 
mopteriSf a form specially characteristic of the lower Grondwana beds of the Indian 
Peninsula ; above the shale are the famous Zewan beds, which contain fossils identical 
with those of the Fenestella shales of Spiti. Overlying these, both at Khunmu and at 
the opposite side of the Vihi plain, are the Productus shales with their typical fossils, 
and above these, again, are limestones with Lower Triassic fossils similar to those of 
Spiti and Kumaun.* Thus, here, we have a link not only between the " Zanskar '* 
system of Kashmir and the typical Tibetan zone, but also between both of these and 
the Gondwana system of the Peninsula. 

We have seen that, in Spiti and KumaUn, there is an unconformable break between 
the beds below the Productus shales and all older deposits, thus indicating a period of 
disturbance which set in after the deposition of the Fenestella shales, when much of the 
old sea-floor was raised up to form dry land and was worn away by atmospheric agencies 
before it again sank beneath the waves. In Vihi there is no trace of this unconformity 
or break in the sequence between the Zewan beds— the equivalent of the Fenestella 
shales — and the Productus shales ; marine conditions here continued uninterruptedly ; 
and whilst the more easterly areas were being raised up and denuded, this part of 

Kashmir remained continuously beneath the sea. On the 

upper Palaeozoic unconformity, ^i,, e * ^ ^ •-•, 

other hand, the presence of terrestnal plants m the deposits 
below the Zewan beds and overlying the Panjal traps proves that the area in which 



♦ H. H. Hayden : Records, Geological Survey of India, Vol. XXXVI, 23 (1907) ; A. C. Feward : Pal. Indica, 
New Series, Vol. H. No. 2 (1905), Records, Geological Survey of India, Vol. XXXVI, 57 (1907). 



THE GEOLOGY OF THE HIMALAYA. 245 

these deposits now occur was either the estuary of a river, or, if covered by the sea, was 
at least very near the coast, whilst the Panjal traps may represent lava-flows over the 
surface of the neighbouring land. Fossils similar to those of the Zewan beds have also 
been found at Barus on the right bank of the Jhelum, Pahlgam in the Lidar valley and at 
several points in the hills at the south-eastern end of the Kashmir valley. Recently, 
too, similar fossils have been found on the Golabgarh Pass in the Pir Panjal range. 

The lower part of the " Zanskar " system thus corresponds to the Lower Trias (Lower 
Lilang system) Productus shales and Fenestella shales of the Tibetan zone, and at the 
same time includes at its base beds which are correlated with the lower Gondwanas 
of the Indian Peninsula. The age of the Fenestella shales, and consequently of the 
Zewan beds, being upper Carboniferous, the underlying plant beds belong either to the 

middle or upper division of the same system and the 
Panjal traps, being older still, may be of either lower or 
middle Carboniferous age. Hence we see that, during the earlier part of the Carboni- 
ferous epoch, when the Lipak series of Spitiwasbeing laid down under the sea. Eastern 
Kashmir was at least partly a land surface, studded with volcanoes from which were 
poured out the lavas which are now represented by the Panjal traps.* From the sea, 
which lay to the north-east, an arm ran out tolmsalwara, where fossiliferous limestones 
were laid down among beds of trap and ash. The shore probably lay along the northern 
side of the Kashmir valley either as a continuous land surface or a chain of volcanic 
islands and was connected through Chamba with the old continental area of the 
Himalayan zone. Towards the end of the Carboniferous epoch subsidence set in and 
the land gradually became submerged and was covered, first by estuarine muds in 
which remains of the land flora became imbedded, and, subsequently, by the Zewan 
beds with their marine fossils. Thenceforward marine conditions appear to have pre- 
vailed throughout the whole of the Triassic and Jurassic epochs, when Kashmir was 
part of the floor of the Eurasian sea, the Tethys. 

Although the subdivision of the Himalaya into three zones, the Sub -Himalayan, 
Himalayan and Tibetan, which is so well marked eastwards of the Beas, is not so clearly 
defined in Kashmir where the crystalline rocks invade both the Tibetan and Himalayan 
zones and where the respective members of the two latter have not been satisfac- 
torily distinguished one from the other, yet the out^r, or Sub-Himalayan, zone is clearly 
„ ^ . . marked off and can be traced through Jammu into the 

Indus valley Tertiaries. ^ 

Murree hills and the gorges of the Jhelum. This zone of 
Tertiary rocks has already been described above (p. 214), but there remains a group 
of beds also of Tertiary age, to which reference has been made in connection with the 
Tibetan zone. These are the Indus valley Tertiaries, which extend as a long narrow 
strip in the valley of that river from eastern Ladak to Kargil. They are apparently 
quite unconnected with the Tertiaries of the Sub-Himalayan zone, and consist of con- 
glomerates, sandstones and shales of fresh-water origin overlain by limestone with 
nummulites, which latter, it has already been seen, extends as far south as the Singhgi 



* See Appendix, p. 272, infra. 
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La in Zangskac (mpro, page 238). With these Tertiaiy beds are associated great 
masses of volcanic rock, chiefly ashes and lava-flows* 

The deposition of the nnmmulitic limestone seems to have been the final chapter * 
limestone of ^ *^® marine history of the Himalaya and Tibet. With 
Zangskar the outburst of volcanic activity the present or cbntinentar 

phase became established, and what had, for a Is^se of time which must be counted in^ 
millions of years, been mor^ or less continuously the floor of a great sea was now gradu- 
ally raised up to form the highest mountain range on the face of the globe. | 

/• 

Hazara (Plate xlix). 
With the exception of Hazara, very Uttle is known^^of the geology of the great belt 
„ of mountains which extends westwards and north-westwards 

Hazara. 

from Kashmir. We have already seen that in Kashmir 
the regularity of arrangement of the rocks, which to the east of the Beas fall readily 
into three zones, an outer or Sub-Himalayan, a central or Himalayan and an inner 
or Tibetan, has disappeared and although the outer zone of Tertiary rocks stilT 
persists through Jammu into the Murree hills, the Himalayan and Tibetan 
zones cannot at present be completely separated from one another. In Hazara the 
fusion of the three zones becomes even more complete ; the Sub-Himalayan is no longer 
separated from the Tibetan by the Himalayan and crystalline rocks, but the two are 
in direct contact and the lowest member of the Tertiary system is intimately infolded 
with the Tibetan fades of the Triassic, Jurassic and Cretaceous systems, whilst the 
latter are also found in association with a great series of unfossiliferous slates, which is 
regarded as the equivalent of the Himalayan zone as developed east of the Beas. 

Concurrently with this change in the order of distribution of the three zones, the* 
Change in the trend of the Strike or trend of the rocks, which from Nepal to the . Jhelum 
Z'^^ge T^trikesT^Sf^ is on the whole S. E.-N.W., changes in Kashmir and bends, 
component beds. ^^^^^ through E.- W. to N. E.-S. W. Consequent on this the 

mountain ranges also undergo a similar change of trend, and in Hazara run approximately 
from north-east to south-west. Nor is this bending of the ranges confined to the- 
Himalayan chains, but is also reflected in the distant Salt Range of the Punjab. 

The rocks of Hazara have been subdivided into seven series,* known as the Crystal- 

line, the Slate series, the Infra^Trias, the Triassic, the 
groups o ra. Jurassic, the Cretaceous and the Tertiary. These form more 
or less parallel bands, with the youngest in the outer hills to the . extreme south-east. 
The upper part of the Tertiary system of Hazara is merely the south-westerly continua- 
tion of the Murree beds ; the lower portion or nummulitic series, consists of limestone,^ 
shale and sandstone with a band of coal. This series covers the greater part of S. E. 
Hazara, but where it has been removed by denudation the underlying beds of the 
Mesozoic group have been exposed. These represent the Upper Triassic, Jurassic and 
Cretaceous systems and include formations such as the Spiti shales and Giumal sandstone ^ 
typical of the Tibetan zone. 

• C. S. Middlemiss: Memoirs, Geological Survey of India, Vol XXVI (1896). 
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f- Beneath the Triassic beds is a series of rocks composed of limestone underlain by 

- sandstone and shales which have a thick bed of confflome- 

Infra-Trias and Slate series. i-, mi*-i i-rfm- 

rate at their base. This is known as the Inf ra-Tfias. It lies 
unconformably on a great group of unfossiliferous slates, the Slate series, which runs 
from north-east to south-west through the centre of Hazara. These slates, also knowiL 
as the Attock slates, are probably the equivalent of the Simla slates of the Himalayan^ 
zone. The Infra-Trias series was regarded by Mr. Middlemiss as the equivalent of the- 
Blaini series of Simla, and it is therefore probable that the Slate series and the Infra* 
Trias represent the old sedimentary beds of the Himalayan zone. Behind this, and 
forming most of north-western and northern Hazara, is a broad zone of granitic and 
crystalline rocks, the south-eastern portion of which consists of schists and gneisses,, 
which may be partly Archaean but are to a great extent metamorphosed representa- 
tives of the Slate series and the Infra-Trias, which have been altered by contact with 
granite. The granite of this zone is the exact counterpart of the biotite-granite o^ the 
Himalaya, and we thus see in the crystalline zone the representatives of the Y aikrita 
system and the gneissose granite of the Himalayan zone. The great mountainous- 
area lying between Northern Hazara and Northern Kashmir (Baltistan) on the one side 
and the Hindu Kush in longitude l(f on the other is still almost completely unsurveyed! 
and deductions as to the geological conditions prevailing in that area can only 
be drawn from the few scattered observations which have been made in Gilgit and 
Chitral. The prevailing rocks appear to be granite and crystalline schists, but slates,, 
quartzites and limestones, possibly representing the Dravidian members of the Tibetan 
zone,* occur in Hunza and Nagar, whilst beds of Devonian age have been found in 
the valley of the Kunar river in Chitral f and also on the Baroghil Pass % between 
Chitral and Wakhan. These rocks appear to strike towards the north-east and may 
possibly be connected with the fossiliferous series of Palaeozoic age found by Stoliczka 
in the Little Pamir and Yarkand, and thus serve as a link between the Tibetan' zone* 
of the Himalaya and the sedimentary rocks of the Tian Shan. 



Afghanistan. 

Between Chitral and the Kabul province of Afghanistan there is a broad tract of 
country, the western continuation of the Hindu Kush, of which nothing is known in 
detail but which appears to be composed chiefly of crystalline and metamorphic rocks 
such as occur along the lower reaches of the Kabul river below Laghman. So far as 
the rest of Afghanistan is concerned, there appear to be two broad stratigraphical facies 
separated the one from the other by the Koh-i-Baba and Paghman ranges. The more 
southerly of these, which is found between Jalalabad and Kabul, comprises metamor- 
phic rocks associated with ruby-bearing crystaDine limestone — a series recalling the 

• C. A. McMahon : Quarterly Journal, Oeologieal Society, Vol. LVI, 337 (1900). 

'I- G. A. McMahon and W. H. Hudleston : Qeologicai Magazine, Dec. IV, Vol IX, 3, 40 (1002). 

♦ H. H. Hayden : Memoira, Geological Survey of India, Vol XXXVI, pt. I, 31 (1904), 
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\ Axciisean beda of the Peninsula — and a younger marine group in many respects resem- 
bling part of the Tibetan zone of the Himalaya. The marine group lies with marked 
unconformity on the metamorphic beds and is composed of limestones, probably in 
part representing the Froductus limestone of the Salt Kange and its analogues in the 
Himalaya and partly embracing the Lilang system of the Tibetan zone* The 
northern faoies, which is well seen in Bamian^ Saighan and the country to the north 
of the Afghan Hindu Kush, consists of limestones of Palaeozoic age overlain . by a 
volcanic series possibly partly younger Palaeozoic and partly of Triassic age. This is 
covered by an extensive system of fresh- water beds with coal seams, * and containing 
fossil plants of Jurassic age. Neither the volcanic series nor the overlying Jurassic 
.beds resemble any of the Mesozoic systems of the Himalaya, but are, on the other 
hand, apparently identical with the Mesozoic beds of Russian Turldstan ;t hence during 
'part of the Triassic and Jurassic peroids these two areas formed a continuous land 
surface, and probably constituted the south-western coast of the Tethys. Above 
the Jurassic plant-bearing series is a mass of red conglomerate and sandstone, which 
is, however, only locally preserved, having been as a rule removed by denudation 
before the deposition of the next overlying rock group^ the upper Cretaceous limestone. 
The latter extends all over Northern Afghanistan and is almost always markedly 
imconformable to underlying beds, a feature which indicates a great extension of the 
Tethys in later Cretaceous times, when the whole of Northern Afghanistan once more 
.became submerged. This marine phase, however, was of only short duration, for evi- 
dence of the drying up of the sea is found in the beds of gypsum and rock-salt occurring 
in the older Tertiary rocks. Subsequently land plants and land shells appear, and 
all the great valleys of Eastern Afghanistan are now filled with deposits of sand and 
boulders analogous to, and possibly contemporaneous with, the Siwalik series of 
the outer Himalaya. 



♦ C. L. Griesbac'h : Records, Geological Survey of India, Vol. XX, 93 (1887). 

t J. B. Musbketoff : Turkistan (1886, 1906) ; G. Romanowski : Oeology of Turkistan (1880-1890). 
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PAST HISTORY OP THE HIMALAYAN AREA. / ' 

We may now attempt to sketch roughly the past geological history of the Himalayan 
area. Our knowledge of the nature and distribution of the Archeean rocks is as yet too 
scanty to permit of any attempt to reconstruct the conditions prevailing at any part 
of that period and our history opens at. the time when a shallow sea lay over Central 
and Northern India and extended into the Himalayan region, covering most of the 
area now Iving on the Indian side of the axis of the present Great Himalayan range. 
In this were deposited beds of conglomerate, shale, sandstone and limestone, the 
materials for which were derived from the degradation of the Archaean rocks, expose|i 

in parts of what is now Peninsular India and also along 
ana sea. ^^^ Tibetan edge of the Himalayan zone between Assam 

and Kashniir. The beds thus laid down are known as the Purana group in the Penin- 
sular area * and include the Baxa, Jaunsar and Carbonaceous systems of the Himalaya. 
The connection of the one area with the other has sti]l to be proved arid the reference 
of the old unfossiliferous Himalayan sediments to the Purana group 16 consequently 
as yet only conjectural, but the conjecture has an air of probability which renders it 
for the moment the most suitable working hypothesis. Hence it is now generally 
believed that the Purana sea not only covered much of the Peninsula but also ex- 
tended over what are known as the lesser ranged of the ' Himalaya. Whether 
it extended northwards beyond the Himalaya we are unable to say since the 
whole of the interior of Tibet is, geologically speaking, unknown, but there is evidence 
to show that land existed in the Himalaya at least during part of the Purana era, 
and the sea may therefore have been bounded on the north hf a Tibetan conti- 
nental area. 

Recent work in China has revealed the presence there of a series of pre-Cambrian 

beds which may be the equivalents of our Indian Puraria>s, 

its extension into China. , . , " . , , . i i_ ± j^i y>t ^ * 

and the presence at or below the base of the Cambrian 
system of a boulder-bed of clearly glacial origin, gives us a possible clue to the true 
correlation of the Blaini boulder-slate of the Himalayan zone and suggests that the 
Purana sea extended to China. 

Two marked periods of volcanic disturbance have left their records in these pre- 
Volcanic disturbances in Purana Cambrian beds of the central part of the Himalaya. The 
**'"**• first occurred at the close of the Jaunsar period, when the 

lower beds of this system emerged from the sea and were covered by sheets of lava and 
vcdeanic ash. Again subsidence set in and the disturbed and eroded beds were once 
more submerged and were covered unconformably by a thick calcareous deposit, 
tke Deoban limestone. 



♦ T. H, Holland : Trana. Mining and Otol. fnH. of Ind in. Vol. I, 48 (1906); 

a2 
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The second period of volcanic activity occurred during the deposition of the beds 
of the Carbonaceous system and is marked by bands of volcanic ash and basalt, which 
are found at several horizons in the system, thus showing that volcanoes were active 
in this area throughout a period of considerable duration. 

The next era of which we have a record in the Himalaya is that named by 

Sir Thomas Hblland the Dravidian ; it begins with the 

*^ conglomerates and other shallow- water deposits of the 

Haimanta system and extends to the period of disturbance of upper PalflBOzoic age 

characterised by the Talchir boulder-bed of Peninsular India and the great outburst 

of volcanic activity in Kashmir. 

The Haimanta, the oldest of the Dravidian systems, is characterised by deposits 

of detrital origin such as conglomerates, sandstones (quart- 
zites) and slates, with only rare and insignificant beds of 
limestone at its upper limit. It is evident therefore that it was laid down in shallow 
water near a coast line and the absence of any post-Purana beds among the rocks of the 
Himalayan zone suggests that the present southern boundary of the Haimanta 
deposits marks approximately an original limit of deposition and consequently the 
Bouthem shore of the sea in which the Haimantas were laid down. The relations of 
the Haimantas to the Purana rocks of the Himalayan zone have not yet been worked 
sout and it is not known whether there is a gradual and conformable passage from 
the one into the other or whether the lower beds of the Haimantas are contempor- 
aneous with the upper strata of the Pmranas, nor is it possible to say at what period 
the Himalayan zone of Purana rocks first became a land-surface. The presence of 
rocks of the Haimanta system in Kumaun, Garhwal, Spiti and Kashmir proves that 
these areas at least were submerged, whilst during the latter part of the ELaimanta 
period the sea extended also to the Salt Range of the Punjab where the Cambrian rocks 
contain a species of trilobite identical with one from the uppermost Haimantas of 
Spiti.* Westwards the same sea probably extended at least as far as the Hindu Kush 
and Afghanistan, but it was not connected with the Cambrian sea of Europe, for the 
fauna of the f ossilif erous rocks of this age in the Himalaya has nothing in common with 
that of the European Cambrian. On the other hand, there are decided affinities 
between the [Cambrian fossils of the Himalaya on the one hand and those of China and 
North America on the other, and this has been regarded as evidence of a sea connection 
between the Himalaya and America during late Haimanta (Middle Cambrian) times. 

The latter part of the Haimanta period was marked by local disturbances in Spiti 
and probably^also in'Kashmir, and the presence of a conglomerate lying imconformably 
on the Middle Cambrian beds proves that the coast-line had moved temporarily north- 
wards and the beds already deposited had emerged from the sea and imdergone denuda- 
tion. Normal conditions appear to have been soon restored throughout the Himalaya, 
but the absence from the Salt Range of any representatives of the post-Cambrian and 
pre-Talchir systems indicates that this range was now cut off from the Himalayan 
marme area and became a land-surface. 

♦ F. Cowpsr Reed, quoted in Records, Oeolopcil Survey of /nd»a, Vol. XXXVI (1908). 
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The next geological epoch, the Muth, which approximately coincides with the Silurian 

(Ordovician and Gothlandian) of Europe, is remarkable for 
^" ' the great westerly extension of the Central Asian sea. The 

-^southem coast-line appears to have remained for a long period, at least until Lower 
-Carboniferous times, much as it was after the Salt Range was cut ofi from the sea which 
covered the Himalayan area at the close of the Cambrian epoch, but the Tethys now 
encroached westwards and became linked up with the Palaeozoic sea of Europe. Evi- 
dence of this is to be found in the character of the fossils of the representatives of 
the Upper Silurian, Devonian and Carboniferous systems in the Indian area, which 
bear a marked resemblance to those of the same systems in Europe, certain species 
being common to both areas. During the Devonian period the sea covered all the 
northern portion of the Himalayan area and extended eastwards into Burma, south- 
eastern Tibet and China. Westwards it appears to have extended through Kashmir, 
over what is now the Hindu Kush, into Afghanistan and northwards to the 
Pamir and the Tian Shan ; its record is not very clear in . the greater part of the 
Tibetan zone of the Himalaya, where fossils of Devonian age are scarce, having 
been found only at rare intervals, but there is no evidence of any . break in the 
continuity of marine deposits between the beginning of the Muth (Silurian) period 
and the middle of the Carboniferous. The latter period, however, saw many changes 
along the southern coast of the Tethys and ushers in the next and latest era in the 
geological history of India, that named by Sir Thomas Holland the Aryan. 

India now became definitely established as an integral part of that great continent 
of Gondwanaland, which extended to South Africa on the one side and Australia on the 
other and on which flourished the flora of Glossopteris and Ganganuypteria familiar to 
us from the rocks of the Indian coal-fields. Below the beds in which these fossils occur, 
there is found in Australia, Africa and India a peculiar boulder-bed or tillite, which 
bears unmistakable evidence of having been deposited at a time when glacial conditions 
prevailed ; the boulders found in it are facetted, polished and scratched whilst the 
rocks on which it lies are grooved and polished in a manner characteristic of the action 
of a glacier. This tillite, known as the Talchir boulder-bed, has not been proved to 
-exist in the Himalaya, but is an important member of the stratigraphical series of the 
Salt Range, where its glacial origin has been proved beyond a doubt. On the Indian 
Pem'nsula it is usually regarded as of fresh-water origin, but in the Salt Range it is 
associated with marine beds, and would therefore appear to have been deposited in 
the sea. The materials of which the boulders are composed for the most part belong to 
a group of rocks now exposed in Rajputana, and it is therefore clear that, during the 
-early Gondwana glacial* period, Raj putana was a land -surface whence glaciers flowed 
northwards to deposit their imbedded boulders in the Salt Range sea, which was pre- 
sumably a southern axm of the Tethys. 

Whilst these changes were taking place in the Salt Range, Kashmir, which had 

Panjai volcanic phase in formerly been covered by a shallow sea in which the shales 

Kashmir. and Conglomerates of the Panjai system were deposited, 

had become^ the scene of great volcanic activity; masses Tof la vaS were pbured out 
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and, solidifying, formed what we now know as the Panjal traps.T These have been 
regarded as of submarine origin, but the evidence of this is not convincing ; ashes 
certainly fell into the sea, where they were interstratified with marine limestones, as 
at Imsalwara to the west of the Wular lake. Elsewhere the lavas may have been 
poured out over a land-surface, and it is possible that at this period Southern Kashmir 
was an archipelago of volcanic islands. 

At the close of the volcanic phase the peculiar Gangamopteris flora of Gondwana^ 
land had spread to Southern Kashmir, which must therefore have become connected 
with the mainland. But the sea soon encroached again and the plant-bearing Ganga* 
mopteris beds were covered by the Zewan beds, typical marine deposits with fossils 
of upper Carboniferous age. These again pass upwards into the Permian Productus 
shales which are overlain by the fossiliferous limestones of the Lower Lilang system 
(Lower Trias) ; from the Gangamopteris beds upwards to the Lilang system there is no 
sign of any important break in continuity of the deposits, and it would therefore 
appear that the close of the Panjal volcanic period marks the beginning of an era of 
subsidence and uninterrupted deposition, which lasted from the middle of the 
Carboniferous epoch until early Tertiary times, and throughout the whole of which 
Kashmir lay beneath the waters of the Tethys. 

In other parts of the Himalaya there is no evidence of violent disturbance having 
taken place during the volcanic period of Kashmir ; in Spiti there was slow, but steady 
rise of the sea-floor, resulting^ in a gradual northerly displacement of the coast-line, 
and what had formerly been an area of comparatively deep water was converted into 
a shallow coastal platform or possibly an estuary, in the sands and muds of which the 
remains of plants carried down from the land became embedded. But the remainder 
of the Carboniferous epoch was a period of some instability, and is marked by oscilla* 
tions of the sea-kvel. These, however, were for some time comparatively trifling, 
but, at the close of the Carboniferous period, a steady rise of the land and north- 
ward retreat of the sea set in ; almost the whole of the Himalaya to the east of Kashmir 
Subsequent tectonic disturbances appears to havc bccome a laud-surface and remained such 

in Spiti ftnd Kumaun. e • j -li i _x"l x j." i t ' • f i e- 

*^ tor a considerable length of time, long enough, m fact, for 

the removal by denudation of beds some thousands of feet in thickness. Li parts 
of Spiti, in Kumaun, and in Garhwal, the whole of the deposits Liid down during the 
Carboniferous and Devonian epochs, and even a great part of the Muth system, were 
removed before the land was resubmerged and the waters of the Tefchys once more 
covered this part of the Himalaya. 

It is interesting to note that these two periods of disturbance were not contem* 
poraneous : that of Kashmir occurred at the end of the Dra vidian era, while the Central 
Himalayan disturbance was of more recent date and is not reflected in any correspond- 
ing movement in Kashmir, having been probably of only local importance. 

The earlier disturbance, however, belongs to a different category. It corresponded 

The world-wide extension of the ^ i^ time with the f ar-rcaching changes which ushered in the 

earner (Panjai) disturbance. ~ Goudwaua glacial cpoch in India, AustraUa and South 

Africa. Becent work in Kaslimir has led to the inclusion that these changes occurred 
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towards the middle of the Carboniferous period,* a time when marked changes in the dis- 
tribution of land and sea began to take place in many parts of the world. Throughout 
Asia it is characterised by a great extension of the sea and the consequent overlap of 
marine deposits of Middle Carboniferous age upon older beds. Evidence of the former 
presence of this sea can be found in the Salt Eange,f in S. E, Afghanistan and the 

■ 

neighbourhood of the Khyber,t in Baluchistan,§ in Northern and Western Afghanistan, jl 
Persia,1I Kashmir,** the Central+t and Eastern Himalaya ;JJ eastward it extended 
into China and westward into Europe. §§ 

Of the northerly extension of the sea beyond the Indo-Tibetan frontier we as 
yet know nothing, but among the exotic blocks of Kumaun, already referred to 
(supra, p. 238), are masses of limestone containing a fauna similar to that of the 
Productus limestone of the Salt Range, and we therefore conclude that Ngari Khorsum 
at least was submerged at this period. 

In this connection we may draw attention to the important and interesting work 
recently carried out in China by Messrs. Bailey Willis, E. Blackwelder, and R. H, Sargent, 
the results of which have been published by the Carnegie Institution of Washington. || || 
In the second volume Mr. Willis discusses the distribution of land and sea in Eastern 
and Central Asia during past geological ages, and assumes that, throughout the whole 
Extension of the Dravidian Tethys oi the PalsBozoic era, Tibet was a Continental area, which 
over Tibet. j^^ designates Isle Tibet. Having regard to our present 

ignorance of the geology of the greater part of Tibet, we can offer no direct observations 
bearing on this question ; but if we turn to north-eastern Ladak, we find Palaeozoic 
rocks exposed in the neighbourhood of Changchenmo and Pangong Lake, and if, as 
appears to be the case, the trend of these beds is the same as that of the rest of the 
Tibetan zone in Kashmir, Spiti and Kumaun, we should expect to find them well to the 
north of the head-waters of the Indus and the Brahmaputra in Western and Central 
Tibet. We are, therefore, inclined to beUeve that Palaeozoic beds do occur in the 
great lake-basin of Central Tibet. They may possibly be hidden by the younger 
(Mesozoic) deposits to which we shall refer subsequently, but it may reasonably be 
expected that they will be found to crop out here and there, and thus prove that the 
sea in which the Dravidian (Palaeozoic) rocks of the Tibetan zone were laid down was 
not, as has been assumed, merely a strait connecting Eastern and Western Asia, but 
extended northwards over a great part of Tibet. 

• Jteeords, Geological Survey of India, Vol. XXXVI, 23 (1907). 

t Manual of the Geology of India, 2nd edition, 123 (1803). 

X H. H. Hayden : Memoirs, Geological Survey of India, Vol. XXVIII, 108 (1900). 

§ General Report, Geological Survey of India, for 1901-02, 31 (1902). 

II C. L. Griesback : Records, Geological Survey of India, Vol. XX, 96 (1887). 

^ J. de Morgan: Mission Scientifique en Perse, III (1905). 

♦* R. Lydekker: Memoirs, Geological Survey of India, Vol.jXXII (1883). 

ft H. H. ITayden: Memoirs, Geological Survey of India, Vol. XXXVI, pt. 1 (1904). 

J J C. Diener : Records, Geological Survey of India, Vol. XXXII, 189 (1905). 

§§ Th. Tscherayschew : Mem. Com. Geol.^ Sh Petersburg^ XVI, No. 2 (1902), and Records^ Gfjoiogical Survfy 
of India, Vol. XXXI, 111 (190*), 

x^esenrck in China (1907). 
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Towards the close of the Palaeozoic era, the Central Asian sea, which had extended! 

from India to China on the one side and Europe on the other^ 
Extension o e Aryan e ys. gradually began to recede westwards, and in Triassic times* 

much of China had become a land -surf ace. The sea, however, still lay over the Himalaya, 
and its connection with the European sea is proved by the large number of identical' 
species of marine fossils found in the Triassic deposits of the Alps and the Himalaya. 
During the earlier part of the Triassic epoch the Salt Range formed part of the- 
Tethys, which also covered Kashmir and Hazara, and appears to have extended into 
Eastern Afghanistan. Later on, connection with the whole of China, except the south- 
em part, appears to have been cut off, and in Upper Triassic times the Salt Range also 
became a land-surface, but the sea extended from Eastern Afghanistan into Balu- 
chistan, and also from Kashmir through the Pamir into Bokhara. These changes 
did not afiect the Himalayan area and Kashmir, both of which remained submerged 
throughout the whole of the Mesozoic era. 

During the Jurassic period great changes in the distribution of land and sea toolr 
Its vicissitudes during the placc in Asia. The continental phase, indications of which 
Jurassic period. ^re first to be f ouud at the close of the Palseozoic era, became • 

largely developed, and there arose on the north a great continent named by Suess 
'* Angaraland,"* which was analogous to Gondwanaland on the south, and the site of 
which is now marked by a series of fresh- water beds and coal-seams, comparable to 
the Gondwanas of India. Communication between the Himalayan Tethys and the 
Mesozoic sea of Europe remained open, and the whole of Southern Tibet was sub- 
merged. At the same time the sea extended once more to the Salt Range and thence 
through Baluchistan and Southern Afghanistan to Persia. Northern Afghanistan, how- 
ever, became dry land, on which flourished a flora similar to that of Angaraland at 
the same period. That the latter part of the Jurassic epoch was characterised by 
the gradual shallowing of the Himalayan and Tibetan sea is proved by the nature of 
the uppermost Jurassic deposits, the Spiti shales, which are composed of fine detrita^ 
sediments alternating here and there with beds of coairser material. 

Similar conditions prevailed for the most part during early Cretaceous times, but 

in the latter part of the period a great extension of the sea 

Great extension (transgreswon) ,,, , i.i.xi.j -ii^i-. 

of the sea during the Creiaceous took place and many areas that had previously been land 
^®" ' became submerged. Connection, through Northern Africa 

and North- Western India (Baluchistan and Afghanistan), between the Mediterranean 
of Europe and the sea of Western India was now thoroughly established, and its pro- 
gress is seen in the overlap of the upper Cretaceous beds over older formations which 
had been subjected to sub-aerial erosion during Jurassic and early Cretaceous][times. 
The Cretaceous sea extended along the whole of the site of what we now term the 
Tibetan zone of sedimentary rocks and probably stretched far to the north over much 
of Tibet. Eastern Tibet and China, however, were now a continental area. j 



^ 



• La Face dela Terre, III, 27 (1902). 
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This ** transgression " of the upper Cretaceous sea indicates a widely extended 
subsidence of the land, affecting north-western India, Afghanistan, Western Asia and 
probably much of Tibet. On the Lido-Tibetan frontier, however, there was no marked 
movement of subsidence, for the Cretaceous deposits of the Tibetan zone of the Himalaya 
are largely characterised by sediments such as are laid down in the neighbourhood of 
a coast-line. Associated with these on the southern frontier of Ngari Blhorsum are 
beds of tul^ which indicate the presence of volcanoes at no great distance and prepare 
us for the volcanic disturbances that ushered in the great epoch of mountain-building 
which produced the mighty ranges of the Himalayan chain. 

We have already seen that the Cretaceous sea lay over a great part of Tibet and 
extended as far south as the northern frontier of Sikkim. At the same time the Shillong^ 
Plateau was imder water and was part of the floor of an ocean which extended along 
what is now the east coast of the Indian Peninsula but was then the submerged edge 
of Gondwanaland which, at the beginning of the Cretaceous period, still survived as a 
continent, though probably much reduced in size ; this continent, however, appears to 
have begun to break up during the latter part of the period and in upper Cretaceous 
(senonian) times direct connection was established between the North African sea 
and the Pacific, through a strait separating India from Madagascar. 

It is possible that there may have also been a narrow and shallow arm of the sea 

Possible connection between the running through that curious depression which is now 

Tethys and the Indian ocean. gy^^ ^^ ^^^ Indo-Gangctic aUuvium. That in early Tertiary 

times the western sea flowed over what is now the south-western foot of the Himalaya 
almost up to the meridian of Naini Tal is clear from the presence of nummulitic 
limestone all along that belt, and in the Tal beds there is some indication of a shallow 
arm having reached Garhwal at a much earlier period, probably sometime during the 
Jurassic epoch;* it would not, therefore, be surprising to find that the great upper 
Cretaceous transgression also affected this area. The absence of any Cretaceous rocks 
in this part of the Himalaya is certainly an argument against this supposition, but 
they may either have been completely removed by denudation at a subsequent 
period or may be merely hidden by the alluvium. 

There is at present no evidence that the arm of the Pacific in which the Cretaceous, 
beds of Burma and Assam were deposited was connected with the Tibetan sea ; this can 
only be decided by exploration in the unsurveyed country around the head- waters of the 
Lohit Brahmaputra and the Irrawaddy. If there was no connection between the two 
oceans, the Eastern Himalaya must have been at this time either a narrow peninsula 
running out from the Chinese mainland or else an isthmus connecting that continental 
area with Gondwanaland. 

Several periods of volcanic activity have left their records in the Himalayan area. 
Of these, two occurred during Purana times and a third at the middle of the Car-^ 
boniferous period ; another has been ascribed t to the upper Cretaceous epoch, 

* C. S. Middlemi^s : Becorde, Geological Survey of India, Vol. XX, V6 (1887). 
t A von Krafft : Mitnoire, Qtdogical Survey of India, Vol. XXXIl, pt. 3 (I932), 

H 
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a period marked in the Peninsula by the great outpouring of lava which constitutes the 

Deccan trap. From this time onward there was a steady 
retreat of the sea from Tibet and the adjacent portions of 
the Himalaya ; there were, no doubt, local oscillations of the coast-line as indicated, 
for instance, by the overlap of the nummulitic beds of Kashmir over older fresh- water 
deposits, but by the end of the eocene period, Tibet and the Himalaya had finally 
become dry land, and the western sea had been driven back to Sind and Balu- 
chistan. This last phase in the marine history of the Himalayan area was accom- 
panied throughout the whole Indo-Tibetan region* by great volcanic activity, 
which was no doubt intimately connected with the crustal disturbances to which 
the origin of the Himalaya is to be attributed. The igneous phase began with the in- 
trusion of masses of granite into the sedimentary deposits of the Tibetan zone ; 
subsequently there were outbursts of basic lavas which flowed over parts of Ladak, 
Ngari Khorsum and western Tibet, whilst dykes of basalt and allied rocks were formed 
by the injection of the basic magma into fissures both in the sedimentary beds and in 
the granite. 

Volcanic activity seems to have been most intense in the neighbourhood of Lake 
Manasarowar, which has more than once been an area of special disturbance, and the 
comparativelyrecentchangeinthedirectionof flowof the upper Brahmaputra, to which 
attention has been drawn in a previous chapter (supra, p. 166), is an indication of 
elevation having occurred in this area at no very distant date in the past (swprc, p. 178). 

Although the volcano of Barren Island in the Bay of Bengal was active during the 
past century,f and other volcanoes in Eastern Persia on the immediate confines of 
Afghanistan are not yet extinct, J there is no indication of recent volcanic activity in 
the Himalayan region. In Central Tibet Mr. Littledale records a large number of 
volcanoes, none of which, however, appears to have been active at the time of his 
visit. § 

Summary. 

If, now, we endeavour to summarise the geological history of the Himalayan area, 
we find that at the earliest time of which we have any record, it was part of the floor 
of the Purana sea, which stretched over much of what is now the Indian Peninsula • 
owing to elevation, this area subsequently became dry land and the sea retired to the 
north, where it remained throughout the whole period covered by historical geology 
from early Cambrian times until the middle of the Tertiary epoch ; local oscillations 
occurred from time to time, the sep. retreating northwards but again returning to cover 
the recently eroded land with marine deposits. Its southern shores, however, never 



* A. yon KtoM: Memoif 8, Oeolcgical Survey of India, Vol XXXII, pt. 3 (1902) ; H. H. Hayden: Memoirs, 
Geological Survey of Indian XXXVI, pts. 1 and 2. 

+ F. R. Mallet : Memoirs, Geological Survey of India, VoL XXI, pt. 4 (1886). 

X E. Vredenbiirg, Memoirs, Geological Survey of India, Vol. XXXI, pt 2 (1901). 

I St. G. R. Littledale: Geographical Journal, Vol. VII, 453 (1896). For numerous references to recent 
volcanoes in the Kuen Lun range see Sueas, Zra Face de la Terre, III, 268 (1902). 
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seem to have moved very far one way or the other, and that part of the Himalayan area 
lying on the Indian side of the line of great peaks may be regarded as approximately 
the northern coast of Gondwanaland. It is probable, therefore, that since very early 
times the greater part of the Himalaya has been a land-surface. j| 

Towards the end of the Mesozoic era the sea encroached both from the west and 
from the east and either completely or partly cut off the Himalayan area from Gondwa- 
naland. 

The general history of the Himalayan area may be tabulated as under : — 

PURANA ERA. 

Much of Peninsular India and the Himalayan area covered by a sea which may 
have extended to China. Volcanic activity during Jaunsar and Carbonaceous periods. 
Blaini glacial epoch. 

DrA VIDIAN ERA. 

Emergence and conversion into dry land of Peninsular India and the southern 
parts of the Himalayan area. 

Haimanta "period. — Submergence of Salt Eange area and Tibetan zone of Him- 
alayan area — probably also Tibet — beneath a sea, which extended to China 
and possibly to North America. 

Muth and Lower Kanavxir periods. — Salt Range area became dry land but sea still 
spread over Tibetan zone eastwards to China and towards the end of the 
period westwards to the European ocean. Panjal volcanic period in Kashmir. 

Aryan era. 

Upper Kanawar cmd Ruling periods. — Gondwana glacial epoch in India, Africa and 
Australia. Extension of continental conditions to Kashmir, followed by re- 
submergence affecting Salt Range area, Kashmir and the whole Tibetan zone ; 
local oscillations of land and sea in Spiti and Kumaun. 

LUang period. — ^Marine conditions completely established throughout Tibetan 
zone ; re-emergence of Salt Range area. The Tethys covered much of Cen- 
tral Asia and was continuous with the Triassic sea of Europe. 

Jurassic period. — Gradual rise of land and shallowing of Tethys throughout the 
Tibetan zone. North- East Afghanistan a land surface, probably a part of 
Angaraland. 

Cretaceous period. — Further rise of land in Tibetan zone, with extension of sea 
("transgression") to Afghanistan and Assam. Volcanic disturbances in 
Ngari Khorsum. 

Tertiary epoch. — Period of mountain-building : final emergence of Himalaya and 

Tibet and disappearance of the Tethys. Volcanic activity during eocene^ 

period. 

b2 " 
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AGE OF THE HIMALAYA. 

There is no evidence to show that the Himalaya, as a great mountain range, are 

older than the latter part of the eocene period. There are 

Post-Purana cnwtal movement. n i . -n • p r • j ^ •titbit 

imdouDtedly signs of former periods of considerable folding ; 
thus, the Purana rocks were folded and compressed daring the earth-movementd that 
resulted in the birth of Gondwanaland, but the Himalayan area then became the northern 
coast of the new continent and was not necessarily a mountain range. Towards 
the end of the Haimanta (Cambrian) period local folding again took place, for we find 

the (Ordovician) conglomerates of the Muth system in Spiti 
^^ lying on the eroded edges of folded beds of Middle Cambrian 

age. After this, no tectonic movements of great intensity seem to have occurred until 
the last upheaval of the Himalaya and Tibet in Tertiary times. Movements there 
undoubtedly were, as, for instance, during the Carboniferous period when marine sedi- 
ments were raised up, denuded and again depressed beneath the sea, but the parallelism 
to these older beds of the younger deposits subsequently laid down on them shows that 
the former underwent no contortion, but were merely subjected to a gentle uplift 
without violent crustal compression. Thus we have no evidence of mountain building 
in the Himalayan region before the Tertiary period. The movement which was so pro- 
Eocene and oUgocene distur- nounced during this latter period probably began in late 
^>^^' Cretaceous times and continued throughout the eocene and 

Middle Tertiary periods. That it was still active during the pliocene epoch is proved 
by the great series of overthrusts along the outer foot of the Himalaya, the origin and 
history of which have been so admirably traced out by Mr. C. S. Middlemi^s.* . % ^^ 

The movements which affected the Siwalik (pliocene) deposits of the outer Himalaya 
puocene and post-piiocene dis- ^^^^ ^o* coufincd to the neighbourhood of the Indo-Gange- 
*^*^^' tic plain, but extended to such widely separated regions 

as Afghanistan and Ngari Khorsum. In the former area all the great river valleys of 
Eastern Afghanistan are filled with beds of sand-rock ' and conglomerate which are 
exactly similar to the Siwalik deposits of the Indian " duns," f a^d have, like them, 
undergone much folding and tilting. In Ngari Elhorsum (Hundes) similar deposits 
were observed by Mr. Griesbach in the Nukchung valley,J and these also show signs 
of considerable disturbance. As the age of these deposits is pliocene, it is clear that 
even at the end of this epoch the crustal movement, to which the Himalaya owe their 
origin as a mountain range, was still active. 



^ Mmoira, Geological Survey of India, Vol. XXIV, pt. 2 (1890). 

f Dun is the Indian term for the narrow longitudinal valleys lying between the outer Siwalik'ranges and the 
liigher hills of the Lesser Himalayan ranges (supra, p. 85 V 

X Mtmoira, Geological Survey of India, Vol. XXIH (1891). 
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In the next geological period, however, the Himalaya appear to have reached a 
Ossiferous beds of Ngari Khor- Stage of Comparative quiescence. In the upper yaUev 
«"™ of the Sutlej in Ngari Khorsum there are vast deposits of 

boulders, sand and clay, in which occur remains of mammals * regarded by Mr. Lydekker 
as of pleisftocene agcf The exact origin of these deposits has not been definitely 
ascertained, but they are now generally regarded as fluviatile, though possibly also in 
part lacustrine. J They lie unconformably on the tilted pliocene sandstones, but are 
themselves almost perfectly horizontal, thus showing that, since their deposition, no 
violent disturbance has affected this part of the Himalayan region. 

In the valley of Kashmir, very similar deposits occur, where they are known 

under the name of Karewa. These have been described 

and Karewas of Kashmir . . • i • i e i 

from tmie. to time by various observers as oi lacus- 
trine origin, but from a detailed study of them in recent years, Mr. R. D. Oldham 
has concluded that their mode of origin was similar to that of the alluvial deposits in 
process of formation in the same valley at the present day.§ 

If we are right in regarding the ossiferous deposits of Ngari Elhorsum and the 

indicate quiescence of Himalayan Karcwas of Kashmir as of pleistoceue age, we are led to 
region since pleistocene times. infer that the general features of the Himalaya were at that 
period much as they are at the present day. We have already seen {supraj p. 210) 
that the main drainage lines date back as far as the pliocene epoch, and that the 
rivers which brought down the sand and boulders from the mountains to build up 
the Siwaliks of the duns and of Hundes were the direct ancestors of our modem 
Sutlej and Ganges. 

Of the topography of the Himalayan area before this period we as yet know 
practically nothing, but it is clear that the old coast-line of Gondwanaland cannot have 
been very far from the present southern boundary of the Tibetan zone of sediments, and 
detailed surveys will very possibly reveal the sites of pre-pliocene rivers, as indicated 
by the coastal or estuarine deposits laid down at their mouths. During the PalsBOzoic 
and much of the Mesozoic periods, when the Indian Peninsula and the zone of oldest 

rocks of the Himalaya formed part of Gondwanaland, rivers 
must have flowed northwards from India to the Tethys, 
And we have already noticed the evidence of the direction of drainage afforded by the 
pebbles of the Salt Range boulder-bed (supra, p. 261). In the distant future, when 
the geology of the Himalaya is known as intimately as that of England and parts of 
continental Europe at the present day, the presence of deposits like the Gangamopteris 
beds of Kashmir may enable us to locate, among the sedimentary beds of the Tibetan 



♦ R. Strachey: Quarterly Journal, Geological Society, Vol. VII, 292 (1861); C. L. Griesbach: Memoiri, 
Geological Survey of India, Vol. XXIII (1891). 

t Beeorda, Geological Survey of India, VoL XIV, 178 (1881). 

J Manual of the Geology of India, 2nd edition, 422 (1893). 

§ Records, Geological SutUey of India, Vol. XXI, 167 (1888) ; T. H. Holland, Eecorda, Geological Swvea of 
India, Vol. XXXII, 152 (1905). 
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zone, the sites of Bome of the estuaries of this old drainage system, but all traces of its 
river-valleys through the central zone must have long since been removed by the sub- 
sequent processes of denudation, whilst the new drainage system, which has graduaDy 
arisen in a reverse direction, has replaced and obliterated the old.* 

Of the present river-valleys of the Himalaya, one at least can be shown to have 
Indus valley an old structural existed as early as in the eocene period. In the Upper Indus 
depression. valley in Kashmir are beds of either fresh- water or estuarine 

origin, which are of eocene age. They form a long and narrow strip in the present 
valley and mark the position of an old river-valley or of an estuary, which was appa- 
rently connected with the Tibetan portion of the Tethys. 

Subsequent oscillations of the relative level of land and sea led to these fresh- water 
beds being covered by marine deposits containing nummulites, but the latest phase in 
the elevation of this area has resulted in the removal by denudation of the cap of younger 
beds and the old valley has been thurf once more exposed to view. The presence of a 
valley along approximately the same line at two periods separated by such a great 
interval of time shows that its origin is not due to mere erosion, but must be attributed 
to structural causes, connected with the folding of the earth's crust, and producing a 
depression which was first outlined at least as long ago as the eocene period. This, 
again, is a further indication that the movements which finally resulted in the upheaval 
of the Himalaya were already operative at that period. 

Although the practically undisturbed condition of the pleistocene beds of Ngari 

, . . . Khorsum and of the Karewas of Kashmir leads us to sup- 
Recent movement as eyidencea ^ i' 

(I) by earthquakes : pose that there have been no violent disturbances in the 

Himalayan region since their deposition, many facts suggest that the apparent 
quiescence is only comparative and that movement tending to a further rise of 
the Himalaya is now in progress. That movement has not ceased is evident from the 
frequent earthquakes occurring in the Himalaya and Afghanistan, and such catas- 
trophes as the Kashmir earthquake of 1886,t those of Shillong in 1897 J and of 
Kangra in 1905 § forcibly remind us that the Himalayan region is by no means at 
rest. 1 1 

These, however, do not serve to give us any indication of the direction of movement, 

which we can at present deduce only indirectly from other 

(2) bydesiccatioTi: ^ •■•,, 

phenomena. Amongst these may be mentioned the obser- 
vations already referred to (supra ^ p. 204) in connection with the apparent progressive 
desiccation of the Tibetan lakes, a phenomenon which has been regarded as due to the 
rise of the Himalaya and consequent cutting off from Tibet of the moisture-laden 
monsoon winds. Evidence of such rise being now in progress is also to be found in the 

■ MJ, . 

* Since the above was written, a paper has been pubUshed by Mr. R. D. Oldham, on " The Valleys of the Hima- 
layas,'* Oeographical Journal, XXX, 512 (1907), in which he also refers to such a pre-existing drainage system. 

t E. J. Jones : E^icards, Geological Survey of India, Vol. XVIII, 221 (1885). 

+ R. D. Oldham : Memoirs, Geological Survey of India, Vol. XXIX (1899), XXX (1901). 

§ C. S. Middlemiss : Records, Geological Survey of India, Vol. XXXII, 258 (1905). 

II For a complete list of Indian earthquakes up to the end of the year 1869, see T. Oldham : Memoirs,. 
Geological Survey of India, Vol. XIX, pt. 3 (1883). 



THE GEOLOGY OF THE HlMiLAtA. 261 

present condition of the chief Himalayan rivers. The general tendency of a river rising 
in a mountainous region and flowing out on to a plain is to remove material from its upper 
reaches in the mountains, where its gradient is steep, and deposit it on the plains at their 
foot; as this process proceeds, the river gradually cuts down its channel, working most 
(3) by rejuvenation of the rapidly in the higher regions where its gradient is naturally 
streams. steeper and less rapidly lower down. Where the gradient 

is steep and the current rapid, the water carries with it large quantities of material 
such as boulders, pebbles and sand ; where, however, the current is less rapid in the lower 
reaches, itd force is insufficient to carry the wliole of its load and some or all of it is depo- 
sited. The tendency of the river is therefore to remove material from its upper reaches 
and deposit it in the lower, thus producing a flattening of its gradient throughout, in 
consequence of which the depositing section of the stream gradually creeps further and 
further back towards its head. If, during this process, the land round the head-waters 
of the stream undergoes a movement of elevation, the gradient and consequently the 
erosive power of the stream will be increased and the water begin to cut a channel 
through the deposits which had accumulated in the lower valleys. This phenomenon 
is known as the rejuvenation of a stream. 

At the present day the great Himalayan rivers are not depositing in their lower 
reaches, except near the points at which they debouch from the mountains and conse- 
quently are not in that stage of equilibrium which characterises an old river. On the 
other hand, their valleys are cut through horizontal deposits of boulders and river- 
gravels, which can be seen to extend many hundreds of feet above the present stream- 
bed.* It is clear, therefore, that where the rivers are now in the active stage of abrad- 
ing, they were once depositing streams and filled their rocky valleys with the sands 
and gravels through which they have since re-excavated their channels. They have, 
therefore, undergone rejuvenation presumably due to uplift of the highlands amongst 
which they rise. 

When this uplift began, we are not yet in a position to say since we have at present 

no evidence of the age of most of these old river-deposits. 

Date of this movement. ttiit -i i i ... 

It has already been pomted out that the ossiferous beds of 
Hundes are probably of pleistocene age, whilst the Karewas of Kashmir have been 
attributed to the same period ; the other high-level alluvial deposits found in the Sutlej 
and the Indus may be of the same age or may be of later date, but we are justified in 
assuming that during the pleistocene epoch, and probably for some little time afterwards, 
little or no movement took place in the Himalaya, and the rivers gradually tended to 
assume a state of equilibrium, which, however, was subsequently disturbed by 
further elevation of the higher ranges and the Tibetan region, resulting in increase of 
gradient and consequent rejuvenation of the streams, and the present steep gradients 
of most of the Himalayan rivers lead us to conclude that uplift is either still in progress 
or has only quite recently ceased. 



* H. B. Medlicott: Rtcorda,' Qeological Survey of Iridia, Vol. IX, 55 (1870); 1^ Lydekker: Memoirs, 
^co'ogical Survey of India, Vol. XXTI ( 1883). 
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Similar evidence of recent elevation of the higher ranges of the Himalaya has been 

Evidence of uplift afforded (i) d^duced bv Mr. R. D. Oldham from the manner in which 
by cutting back of streams ; many of the southward-flowing streams are rapidly cut- 

ting back into the catchment areas and capturing the drainage of the Tibetan rivers on 
the north.* Striking examples of this are furnished by the Ganges,f the TistaJ 
and the Sind river in Kashmir.§ 

A most instructive example of this rapid cutting back of the southward-flowing 
(2) by "hanging valleys" in strcams ou the southcm flauks of Kinchinjunga in Sikkim 
^*^^^^*™" has been described by Prof. Garwood.] I Here the Rathong 

Chu H and Praig Chu, feeders of the great Rangit, have cut back their heads so 
rapidly that they have actually truncated and captured what was formerly an important 
eastward-flowing tributary of the Tista. So rapid has been the work of these two streams 
that they have cut deep chasms or gorges across the old vaUey, with the result that the 
renmant of this former tributary of the Tista is now only a small stream, which " occu- 
pies a nearly level upland glen, three miles in length and some 2,000 feet above the 
floor of the Rathong Chu, and this elevation is maintained nearly to its mouth, whence 
it empties itself by precipitous cascades into the valley beneath." This rapid head 
erosion and " piracy " on the part of the Rathong Chu is ascribed to recent elevation 
of the Kinchinjunga massif lying to the north ; such elevation would increase the 
gradient and consequently the erosive power of the Rathong Chu while not affecting 
that of the eastward-flowing stream, which would be merely tilted sideways.** Here 
we see that local uplift will accoimt not only for the formation of a deep gorge on the 
flank of a range, but also to some extent for those curious side valleys which, as Prof. 
Garwood graphically expresses it, appear to be suspended in mid air high above the 
level of the main valley, which they join in a sheer precipice. The difference of level 
between these " hanging " valleys and the main stream is thus due partly to more rapid 
erosion of the channel of the latter, through a steepening of gradient attributable ta 
uplift of the mountains at its head, but partly, in Prof. Garwood's opinion, to the 
recent occupation of the hanging valleys by glaciers which have protected them from 
the effects of river erosion. 

Such uplift has also been regarded as a contributory cause of the deep and narrow 

gorges to be seen in so many of the Himalayan rivers. In a 

(3) by gorges. Ori&n of gorges. . ^aA\ £ i.iji. i 

previous part (supray p. 184), reierence has already been made 
to these gorges and various possible modes of origin suggested. Two of these are of 



♦ Journal, Manchester Geographical Society, Vol. IX, 112 (1893). 

t Ibid. 

X H. H. Hayden : Memoirs, Geological Survey of India, Vol. XXXVI, pt. 2 (1907). 

} B. D. Oldham : Records, Geological Survey of India, Vol. XXXI, 142 (1904). 

II " The Geological Strncture and Physical Features of Sikkim " in D. W. Freshfield's Round Kangchenjunga, 
296 (1903). 

K Cha=: stream or river (Tibetan). 

** Op. cit. 298 ; see also ** Notea on a Map of the Glaciem of Kinchinjunga " by the same author in 
GeograpMoal Journal, Vol. XX, 13 (19D2). 
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special interest, and are regarded as embodying the main principles involved. They 
are — 

(1) that the Himalayan drainage system had been established before the ranges, 

across which the rivers now cut, had become axes of special elevation, 
and that when elevation finally took place its rate was not so great as to 
interrupt the course of the river, which was therefore able to keep its 
channel open by abrasion across the rising range ; 

(2) that the old rivers have been dammed by the rising ranges and their valleys 

thus become lakes, the waters of which eventually overflowed and carved 
out gorges. 

The first of these theories, which we owe to Mr. H. B. Mcdlicott,* has been applied 
with striking success by Mr. R. D. Oldham to the river- valleys of the Himalaya and 
neighbouring areas. In the comparatively yoimg mountains of Baluchistan, which 
was still under the sea after the Himalaya had become dry land, he has followed out the 
earlier stages in the process of the formation of gorges and has subsequently extended 
these principles to the Himalaya themselves.f He has suggested that the present 
gorges of the Indus and the Brahmaputra lie along the alignment of valleys which 
were defined at the time when the upheaval of the Himalaya first began and when 
a pair of longitudinal valleys was established along the northern face of the rising 
mass, round the extremities of which the drainage escaped towards the south. This 
assumption is borne out by the observations of Mr. Medlicott, who has shown that the 
great Himalayan rivers are * ' antecedent ' ' and that their debouchures in Siwalik 
times were where they are at the present day (supraj p. 210), whilst the nature of the 
Indus valley Tertiary deposits is evidence of the existence of a {Structural valley along 
the line of the Indus at a very early date {suprUy p. 260). 

The second theory has been advanced by Colonel Burrard to explain the origin of 
the gorge of the Brahmaputra. J He has suggested that an old river- valley, having 
become blocked by the rise of a mountain range, has been filled by a lake, the 
overflow from which has subsequently cut a channel resulting in the present gorge. 
Such a diversion of drainage has been shown by Mr. R. D. Oldham to have occurred 
in one instance in Baluchistan,§ but in this case there is no tendency for the new 
channel to become a gorge. The water, where it issued from a lake, would hold no 
sediment and would consequently have practically no abrasive power, hence, except 
in areas of extreme aridity, the sides of the outlet valley would be worn away by 
atmospheric denudation concurrently with the excavation of the new channel, and 
the valley would have gently sloping, rather than precipitous, sides. 

There are several other difficulties in the way of the application of this process to 
the Himalayan gorges. In the first place, we should expect to find well-marked lake 



* Manual of iht QeoHoov of India. Ist edition. 076 (1879^. 

t QeographicalJoutnah Vol. Ill, 169 (1894). 

% Ann, Rep., Board of Scientific Advice for India, 1906-06, p. 67 ; also aujfra^ part III, p. 86. 

§ Reco.dM, Oeoloifical Hufvey of India, Vol. XXV, 2ft (1892). 
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deposits in the basins above the gorges. These, however, have nowhere been recog- 
nised ; the previously accepted views of the lacustrine origin of the Karewas of Kashmir 
have been recently disputed,* whilst the description given by the late Sir Richard 
Strachey of the pleistocene deposits of the Upper Sutlej valleyt points to an origin in 
part, if not entirely, fluviatile. 

On the other hand, basins of this kind filled with fluviatile deposits, and in some 
cases even holding lakes, are commonly found above gorges in almost all parts of the 
world, but it can usually be shown that they are due to the obstruction caused by hard 
bands of rock running across the valley. Thus, in the case of the Sutlej, the stream after 
passing through the sedimentary beds of Hundes encounters the hard granite of the 
great Himalayan range ; its rate of erosion is retarded, and, while slowly wearing 
its way down into a narrow trough in the hard rock, it works also laterally in the 
softer beds, and so produces a broad basin above, in which alluvial deposits accu- 
mulate, and a gorge or * * narrows ' * below. J Thus the gorges have been developed 
concurrently with the open basins behind the ranges rather than after, and as a 
consequence of the damming of, these. 

The two hypotheses above quoted are mutually conflicting, but so little is yet known 
of the actual conditions of the Himalayan rivers that it is desirable to keep both in view. 
One fact, however, is clear, namely, that until systematic observations have been made 
of most of the great Himalayan rivers on the lines of the admirable work of Mr. R. D. 
Oldham in the Sind valley in Kashmir§ and of Prof. Garwood in Sikkim,|| we can 
make no advance in India in this most fascinating branch of historical research, 
the historv of the surface features of the earth. 



* Supra, p. 269 ; also Ellsworth Huntington : The Pulse of Asia, 22 (1907). 

t Quarterly Journal, Geological Society, Vol. Vll, 306 (1851). 

*■ For details as to these processes see Sir A. Geikie : The Scenery of Scotland (1901); also Cbamberlaui and Salis- 
bury : Geology, Processes and their results (1905). 

f Records, Geological Survey of India, XXXI, 142 (1904). 

II Qmrterly Journal, Geological Society, Vol. LVIH, 703 (1902) ; Geographical Journal, XX, 13 (1902) ; Appendix 
to I). W. Freshfield's Round Kangchenjuaga (1903). 
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V ECONOMIC GEOLOGY OF THE HIMALAYA. 

The' Himalayan region is strikingly poor in minerals of economic value, there being 

only three industries which can be said to be established on a commercial basis ; these 

are the salt and the slate quarries in Kangra district and the sapphire mines of Kashmir. 

The salt quarries are situated at Guma and Drang in Mandi State ; they are at 

present only of local importance, the output in 1906 being 
^** about 3,600 tons.* 

The Kangra slate quarries, which are at Kanyara, have been worked with consi- 
derable success for some years past. The rock is not a 
true clay slate, but is sufficiently fissile for the production 
of slabs and roofing-slates-f 

The sapphire mines, which are situated near Padar in Kishtwar, were first opened 

nearly 30 years ago, but after being worked for a few yeara 
^^ *' were closed on accoimt of diminution of output. J Recently^ 

however, the industry has been successfully revived, the output being valued at 
£1,327 in 1906 § and £3,144 in 1907.11 

The other minerals found in the Himalayan region include : borax, coal, gold,^ 
gypsum, sulphur and ores of antimony, arsenic, copper, iron and lead. 

Borax is found in Ladak, where it is obtained as an efflorescence from the surface 

of the alluvium of the Puga valley. The superficial coating^ 
is scraped up and boiled with water in coppers ; the resulting 
brine is then cooled in small pits, when the borax crystallises out. The production at 
Puga is quite insignificant, almost the whole supply of borax brought .into India being 
imported from Central and Western Tibet. 

The chief occurrences of coal in the Himalaya are among the Gondwana rocks of the 

Darjeeling Terai and Assam Duars and in the Tertiary beds 
of Jammu in Kashmir. 
As already pointed out (sujyra^ p. 216), the Gondwana coal is usually too crushed 
to be of commercial value and such attempts as have hitherto been made to work it 
have not met with success. 

The coal of Jammu occurs in a belt of Tertiary rocks to the north of the town of 
Janamu and comprises a number of fields known as the Ladda, Sangar Marg, Mehowgala, 
Siro valley, Kalakot and Lodhra coal-fields. 

• T. H. Holland: Records, Geological Survey of India, Vol. XXXII, 86 (1906) ; XXXVI, 80 (1907). 
t T. H. Holland: Records, Geological Survey of India, Vol. XXXII, 114 (1906). 
J T. D. LaTouche : Records, Oeological Survey of India, Vol. XXIII, 69 (1890). 
{ T. H. Holland : Records, Geological Survey of India, Vol. XXXVI, 79 (1907). 
II T. H. HoUand : Records, Geological Survey of India, Vol. XXXVII, 82 (1908). 
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The seams are highly inclined and their thickness is very variable. The coal is 
much crushed and usually contains a high percentage of ash.* Experiments recently 
made, with a view to testing the suitability of the coal for the manufacture of briquettes, 
did not give favourable results and the prospects of the development of these fields as 
a profitable undertaking are not promising.^ 

Another small coal-field occurs furthxcr to the north-west in the Kotli tahsil at 
Dandli, but the prospects here are even less promising.J Coal also occura in the 
ifummulitic series in Hazara, but its quality is poor and the thickness of the seams 

very variable. § 

Reference has already been made to the small patches of lignite occurring in the 
sandstones of the Siwalik series in the Sub-Himalayan zone (supray p. 210). These 
have often given rise to expectations, always foredoomed to disappointment, of the 
discovery of workable coal-seams. 

Gold is found in small quantities in the gravels of almost all the chiet rivers of 

the Himalaya! I and its recovery provides occupation for 
the local inhabitants during the winter, when agri- 
cultural work is at a standstill. 

In the Indus and its tributaries, and in the Sutlej, washing by means of primitive 
<a:adles is carried on to a considerable extent, but the results are at present too insignifi- 
cant to raise this intermittent occupation to the status of a regular industry. 

In the Eastern Himalaya, the gravels of the Brahmaputra and neighboiu"ing rivers 
have long been known to be auriferous,^] but so far no serious attempt has been 
made to exploit them on modern principles. 

In Tibet, the gold fields of Rudolc and Thok Jalung have been worked from very 
early antiquity and Herodotus' reference to the gold-digging ants, with the many 
ingenious commentaries to which it gave rise, is no doubt familiar to everyone.** The 
output of the Tibetan fields, however, is quite unknown, a circumstance to which the 
many stories of their fabulous wealth are no doubt to be attributed. 

Gold is also foimd in Afghanistan, but what was formerly the most productive 
mine in the country, that of Kandahar, has long been closed owing to the miners having 
lost the vein.^f 

Gypsum occurs in thick beds, as the product of the alteration of limestone, in lower 

Spiti, at a short distance above the junction of the Spiti 
and Sutlej rivers. Although the quantity available is very 
large and th6 quality high, the locality is too far from markets and too inaccessible to 
ofier any prospects of remunerative exploitation of the deposits. JJ 

* R. R. Simpson : Memoirs, Geological Survey of India, Vol. XXXII, pt. 4 (1904). 

t T. H. Holland : Records, Geological Survey of India, Vol. XXXII, 137 (1905). 

X C. M. P. Wright: Records, Geological Survey of India, Vol. XXXIV, 37 (1906). 

§ C. S. Middleffilar: Memoirs, Geological Survey of India, Vol. XXVI (1896). 

y V. Ball : Manual of the Geology of India, pt. 3 (1881). 

^I J. M. Maclaren: Records, Geological Survey of India, Vol. XXXI, 205 (1904). 

♦♦ For literature on the subject see Manual of the Geology of India, pt. 3, Art. GoH (USSl). 

ff C. L. Griesbach : Memoirs, Geological Survey of India, Vol. XVIII, pt. 1, 56 (1881). 

XX H. H. Hayden: Memoirs, Geological Survey of India, Vol. XXXVI, pt. 1, 10) ^1904). 
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Sulphur is found at Puga in Ladak, where it is deposited from hot springs. The 

quantity is small and the occurrence of little or no economic 

Sulphur. . _. ^ 

importance.'^ 
Sulphide of antimony (stibnite) occurs in some quantity near the Shigri glacier in 
the valley of the Chandra river in LahauL The locality has long been known,t but no 

serious attempt had been made to work it until quite recently. 



r>. <;. 



°"^' when prospecting operations were undertaken and a mining 

lease obtained with a^view to its exploitation. No information is as yet available as 
to the result of the operations. 

Orpiment, the yellow sulphide of arsenic, is foimd in Chitral, Hunza and Kumaun. 

In Chitral it has been mined for a long period, but the produc- 
**^*^* tion has fallen off in recent years, having dropped from a 

little under thirtv tons in 1904-05 to less than ten in 1905-1906. 

Specimens have also been obtained from the Rishipjerab valley in Himza and the 
Shankalpa glacier in Kumaun,J but the amount available in either locality is 

unknown. 

Copper-ore, chiefly in the form of the sulphide, chalcopyrite, is common in the 

schistose beds of the Daling series in Darjeeling district 
^^^' {supra, p. 228) ?nd in Sikkim and in the similar rocks of 

the Himalayan zone in the Lesser Himalaya of Kumaun. 

As a rule the lodes are patchy and irregular and no successful attempt has yet been 
made to exploit them on a large scale. Recently, however, the copper-ores of Sikkim 
have been attracting considerable attention, but no information is at present available 
as to the results of prospecting operations. 

Iron-ore is known to occur in some quantity in the lower hills in Eumaun,§ 

where numerous attempts have been made to establish a 

Iron 

smelting industry on a commercial basis. All attempts failed 
however, presumably owing to the cost of transport of ore and fuel and there 
does not seem to be much prospect of a successful revival of the industry. 

Iron-ore also occurs in Jammu State, where it underlies the coal measures, but 
has not been worked except locally and on a small scale. 

Numerous other occurrences of iron-ore in the Himalayan region have been recorded, 
but none of these is at present of economic importance and they need not be enumera- 
ted here. Further information, however, will be found in the Manual of the Geology 
oj India, part 3 (1881). 

Galena, the sulphide of lead, is found at numerous places among the older rocks of 

the licsser Himalaya,! i but it is not known to occur in 



Lead. 

sufficient quantity to warrant serious exploitation. 



* F. R. Mallet: Memoirs, Geological Survey of India. Vol. V, 164 (1866). 
t F. R. Mallet : Memoirs, Geological Survey of India, Vol. V, 165 (1886). 
t Records, Geological Survey of India, Vol. XXXV, 28 (1907\ 
§ T. H. Hughes: Records, Geological Survey of India, Vol. YIL 15 (18'<4). 
II V. Ball: Manual of the Geology of India, pt. 3, Art. Lead (1881). 
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APPENDIX. 

A few addenda and notes of warning which should he 
read in conjunction with Parts I, 11% 111 and IV. 

Peak No. 60, Indus-Nagar Watershed No. 2. 

The name " Indus — ^Nagar Watershed peak No. 2 '* has been allotted in Great Trigonometrical 

Survey Sjmoptical, Volume VII, to two peaks : on page 95-C there is 
Part I, page 4. table V. ^ ^^j^ ^j ^j^^ ^^^^ j^ latitude 36° 0' 13" 5 and longitude 74° 55' V'5 

of height 24,470. On page 135-G there is a peak of the same name in latitude 35° 5V 40''*2 and 
longitude 75° V 20''-7 and of height 21,390 feet. The origin of this duplication of names has been 
explained on the ground that the numbering of peaks was started afresh in each square degree, 
but whatever the explanation, a system under which the same name has come to be applied to two 
different peaks can in no way be defended. The Indus-Nagar Watershed peaks of pages 92-C and 
95-C of Synoptical Volume VII will retain the names hitherto applied to them, whilst the Indus- 
Nagar Watershed peaks of pages 135-C and 136-C will be called in future Indus-Nagar Watershed 
peaks No. 7, No. 8, No. 9, and No. 10. Similarly in other cases, in which duplication of names 
have occurred, alterations wiQ now be introduced. 

On page 322 of the Ice bound Heights of the Mustagh, Mrs. Bullock Workman and Dr. Hunter 
Workman give their reasons for thinking that the Survey have miscalculated the position of the 
Indus-Nagar Watershed peak No. 2, height 24,470 feet. The two explorers ascended to a great height 
(23,394 feet), and thought at the time that they were climbing a flank of the Survey peak (height 
24,470 feet). But when they came to construct their map, they found that the peak which they had 
ascended was 4 miles north by east of the Survey peak. They were convinced that their peak, which 
they have named Pyramid Peak, is higher than the Survey peak and they were 

<< thoB placed in the dilemma of considonng either that the Survey had miscalcula^d the po6\tion of Peak 2, 
thus givii^ it a position four miles too far south, or that Pyramid Peak is another and higher peak not seen and 
triangulated by the Survey." 

The maps of this high region are so inaccurate that they may be disregarded : it is useless to 
appeal to them. But the positions of peaks were fixed trigonometrically by the Survey, and are 
probably correct. The position of the Survey peak (24,470 feet) was deteimined from two indepen- 
dent triangles, and the discrepancy between the two values of position was only 7 feet. The 
height of this peak was determined from two different places and the two values obtained were 
24,482 and 24,461 feet. 

The evidence, therefore, is strong that the position of the Survey peak (24,470 feet) has been de* 
termined with fair accuracy and cannot be in error by 4 miles. 

It is quite possible that a higher peak standing 4 miles behind it escaped observation. The un- 
even crest-line of the intervening ridge may have obscured the higher peak from one or two of the 
stations of observation and have left the lower peak visible. The original angle-books show that iu 
1862-63 Mr. Beverley observed an unnamed peak from his station of Chokh and found it to be 2 de- 
grees east of the Indus-Nagar Watershed peak No. 2 This companion peak was, however, not seen 
from any other station and Mr. Beverley's observation from one station only could not bo utilised . 
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Peak No. 66, Kuen Lun No. 1. 

The height cf this peak is uncertain. The position and height of the peak were derived irom 

the observations oi Surveyor Ram Singh, Rai Sahib, when he was 
. page 4» a e . working under Dr. Stein in 1900 ; the angle-book was in the hand- 

writing of Dr. Stein himself. Ram Singh is an accurate observer, and his other observations taken 
at the same time as those of peak No. 66 have proved reliable. We had, however, some initial doubt 
whether to accept the peak No. 66 or not, because its position had been fixed from one triangle only 
and that a very acute one. But its height had been observed independently from two different 
stations, 4 miles apart, and whilst a value of 24,385 feet was obtained from one set of observations, a 
value o[ 24,227 feet was obtained from liie other set. The agreement between these two values 
seemed to indicate that a very high peak was standing in this region, and peak No. 66 was admitted 
into our list on table V. The absence from Dr. Stein's letters and papers of all allusion to this 
apparently supreme peak of the Kuen Lun made us somewhat uneasy, and when Dr. Stein visited 
Dehra Dim in December 1908 upon his return from Chinese Turkistan, he was consulted. He 
expressed his conviction that no peak of 24,000 feet exists in the locality, in which peak No. 66 has 
been supposed to be standing. Dr. Stein has explored this locality, and could not have failed, he 
thinks, to have been struck by the appearance of so prominent a peak. He is of opinion that the-- 
observations upon which the existence of the peak has been based must be in error. 

Tirich Mir. 

This description of Tirich Mir is only true if the mountain is viewed from the side of Gilgit or 

Mastuj. From Chitral the higher flanks of Tirich Mir appear to 
' " be precipitous. During the summer it is seldom visible, being 

either enveloped in cloud or surmounted by a white " flag, " which looks like cloud but is possibly 
fine snow being blown off the summit. 

Heights of peaks. 

It has been suggested in a review in Nature, December 3rd, 1908, page 133, that the altitudes. 

of peaks should be reduced to round numbers, that the height of 
» page , pa . . Mount Everest, for instance, should be given as 29,000 instead of 

29,002, and that of Kinchinjunga as 28,150 instead of 28,146. We think, however, that it is best tos 
adhere to the present system, because a precise value of altitude is a ready means to the identi- 
fication of a peak. 

» Oasherbrum. 

In table XVIII, group XIV, column 6, the bracket should embrace the four Gasherbrum 
Part I, page 40. peaks only and not the peak of E^. 

Kabru^ 
The name Eabru belongs rather to the high-level ridge itself than to the peak at either 

Part I, chart VI. end of it. 

The height, 21,970 feet, given to the peak at the western end of the Kabru ridge in the third 
panorama of chart VI is incorrect. The two Kabru peaks are very nearly of the same height, and 
are both about 24,000 feet : for Tanner's description of Kabru see page 8 of Part I. 21,970 feet is the 
height of Little Kabru, see Garwood's map attached to Douglas Freshfield's Round Kangchenjunga. 

Singalila. 

Part 1. pages 9, 20, 43 ; Referred to as " Singli " by Rai Bahadur Rarat Chandra Das, 

Part li, pages 62, 77, 78, 89 ; C.I.E. : Journey to Lhasa and Central Tilet, pace 6. 

Part III, page 152. ^ ^ ® 
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Karo La. 

See Rai Bahadui Sarat Chandra Das, C.T.E. : Journey to Lhasa and Central Tibet^ page 
Part 11, page 95. 173* 



Yamdrok Tso. 

Part 11 paeeoK* With regard to the name Palti (Yamdrok) see the note by 

Part III, pages 156, 157, 189, W. W. Rockhill in Journey to Lhasa and Central Tibet by Rai 
200, 202, 203, 304. Bahadur Sarat Chandra Das, C.I.E., page 188. 



Sangpo. 

Part II paces III 1x2 - '^^^ ^^^^ Sangpo should have been written Tsangpo. In the 

Part III, pages 125, 127, 128, Imperial Gazetteer of India, Volume I, pages 19, 27, Volume IV, page 
157-X60, x88. 499^ it is written '' Tsan-po." 



Kuen Lun range. 

The warning given on page 103 of Fart II is repeated here. In the frontispiece of Fart I the 

p rt II f otnot *™® ^^ ^^® Central Kuen Lun has been drawn too far north. In 

longitude 84^ the axis should have been placed in latitude 36^. 
Chart XXXV repeats this mistake. Chart XXIII is correct. 



Part II, Chart XVII. 



Huang-Ho. 
On this chart Huang should be Hoang. 

The Hindu Kush, 



It has been pointed out in a review in Nature^ December 3rd, 1908, page 133, that our descrip- 
tion of the Hindu Kush ranges on page 123 of Part III does not 
' P*^* 3» pa a- • ^^Uy ^^ figure 2 of chart XXI. The description on page 123 

will be found to be in accord with the frontispiece to Part I. As was explained on page 101 
of Part II, the figure 2 of chart XXI was purposely made to differ from the frontispiece in order 
to illustrate our uncertainties. In the two charts we have offered two different solutions of the 
problem. Whilst we agree with the reviewer in Nature as to the difficulties attending orographical 
analysis, we are of opinion that the uncertainties surrounding the Hindu Kush may prove to be due 
to the want of systematic surveys and may disappear when more accurate maps become available. 

y i 

,y\ The Brahmaputra. 

The water-parting between the Brahmaputra and the Tibet Lake basin cannot be drawn with 

certainty. The position assigned to this water-parting on charts 
' * XXIII, XXX and XXXV is conjectural and is not based upon 

surveys. Until surveys of this region have been carried out, it will not be possible to indicate, except 
in a very rough way, the northern boundary of the basin of the Brahmaputra. 

The warning given in the last paragraph of page 125 of Part III is thus very important. 
The second paragraph of page 95, Part II, contains the same warning. 

E 



} 
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The Kunar river. 



The angle, at wliioh the Sor Laspur tributary joins the Eunar river at Mastuj, is deserving of 

-. _^ „, attention. This tributary is shown on chart XXXIV of Part 

Part III, page 155. j- -^ 

Shigatze. 

Spelling adopted from the map published with the Imperial Gazetteer. In the body of that work 

(Volume IV, page 119) it is written Shigatse, a modification of Shi-ga- 
Part III, pages 155. 156, 158. ^^^ ^j^^ j^^ employed by Major W. P. O'Connor. 



The brothers Strachey. 

Henry Strachey was alone in 1846 ; Richard Strachey did not visit Manasarowar till 1848. 

(Oeographical Journal, Volume XV, 1900, and Journal^ Royal Geo- 
Part in. page 1O2, l«e 9. g^^^j^i^j godety, Volume XXI,' 1851.) 



KurkuUi Glacier. 
The Kurkulti Glacier flows into the Yasin river, and not into the 

Part III, page 196. 

Hunza as stated on page 196. 

Panjal Vokanics, 

Since this table was drawn up, the work of Mr. C. S. Middlemiss in Kashmir has tended to 
Part IV, page 232, table XLI ; show that the Panjal Volcanics are younger than the Lipak series. 

page 245. 
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The values of latitude and longitude given in this index to the more important^ geographical names occurring 
in ParU 1, II, III and IV, are intended only as rough aids to the localisation of places on maps : as many of these 
values have been derived from small scale maps, the index should not be utilised in scientiRc discussions or con- 
troversies. In certain cases, more especially in those of Tibetan lakes and of passes and glaciers, the values of 
latitude and longitude rest on doubtful evidence, and have been entered only to enable future explorers to correct 
our figures. In cases when two or more peaks bear the same name, mean values of latitude and longitude 
have been given in this index. 
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• h 



Nansban 

Napcbitai-nlan-mitteii 

Naiayani 

Nari Ehoi8am,t eee Ngaii 

KhofStmi* 
Narkanda 
Naising 
Navar 
NduGbu 
Nela .. 
Nepal 



• • 



• • 



• k 



• • 



*<4 -t 



Nepal Himak^ 



Latitude. 



Nerbudda 
Nezatasb 
Nganzi Tso 
Ngari Eboisum 



38 

36 
31 
S9 
30 
30 

30 
32 
29 
29 
90 
28 
30 

30 

80 

30 



30 
30 
35 



38 
35 
27 



31 
27 
30 
33 
31 
27 



28 



22 
37 
31 
31 



17 

15 
36 
15 
14 
35 

32 
80 
23 
88 
21 
3 
40 

1 

43 

23 



21 

17 
14 



40 
15 
30 



17 
31 

45 
10 
42 









58 

2 





LOROITVDfi. 



75 

74 
94 
96 

78 
78 

77 
76 
79 
93 
90 
88 
98 

81 

90 

79 



79 
80 
74 



96 
94 
84 



77 
88 
78 
96 
78 
85 



87 



74 

74 
87 
80 



45 


6 
9 

31 


28 
40 

1 
30 




30 

58 



43 

4 

35 







10 



28 
17 
40 

45 
12 








1 
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Latitude. 


LosaiTUDS. 


Paobs. 


Crabts. 


Nichnng 


o 
33 


17 


o 

78 


39 


• ■ • • 


XXXIV 


Nilakanta 


30 


44 


79 


24 


6,19 .. 


Vll 


Nilam 


28 


30 


86 


30 


151 . . 


• .• 


Nilang 


32 


35 


77 


17 


62, 196 


• • 


Nimo Namlinc . . 
NinchinthangUi . . 


30 


26 


81 


18 


17 


• a 


30 


20 


90 





31, 72, 81, 82, 96, 


F^rontbpiece, xvn 












99, 109, 110, 111, 


■ 


^ 










114, 166. 


4 m 


Ning Blangri 


32 


16 


83 





114 .. 


• • 


Ningru 


30 





80 


66 


13, 18 .. 


• • 


Niipania-ki-Daiida 


• I 




• I 


• 


142 . . 


•/ 


Nissa 


36 





79 


20 


197 .. 


•.• 


Nithal 


31 


15 


78 


46 


196 .. 


•.• 


Niti.. 


30 


58 


79 


63 


92, 138, 238 


X, XI 


Noh . . 


33 


37 


79 


46 


112 .. 


• • 


Nojinkang Sang.. 


28 


67 


90 


11 


113 .. 


• • 


NojU 


29 


63 


77 


40 


30,52 .. 


* 


No pass 


28 


52 


84 


37 


94, 148 


xxvu 


North Kashmir range 


34 


20 


76 


20 


72, 87, 88 


XIV 


Nubra 


36 





77 


23 


40, 95, 96, 98. 99, 
175, 176, 194, 196. 


XX, XXXIV, XXXVl 


NuChu 


30 





97 


16 


127, 128 


• • 


Nukchung R. . . 


31 


8 


80 


10 


258 .. 


• • 


Nuksan 


36 


22 


71 


33 


102 .. 


• • 


Nun Knn («ee Ser and Mer) .. 


34 





76 


4 


14, 19, 79, 124, 168, 
176, 196. 197, 242. 


• • 


NiiRhaa 


36 


26 


71 


60 


18 . . . • 


XXX 


Nyang 


29 





89 


36 


92, 93, 96, 125. 166, 
189. 


1 . 


Ohind 


34 





72 


26 


171 .. 


• • 


Onchu 


. • 




. . 




178 .. 


• • ^ 


Onlet 


28 


27 


96 


10 


169 


XXX 


Oprang 


36 


20 


76 





121, 183, 188 


x;y, xxxvx 


Oring Nor 


34 


49 


97 


49 


129, 200 


• • 


0X118 

1 


37 





68 





69, 70, 82, 101, 
106, 119, 120, 122, 
123, 138, 187, 201. 


Frontispiece, zvu, 
XXI, xxm, XXXIV, 

XXXV, XXXVI. 


Pabar R. 


31 





77 


64 


224 .. 


» 
• • 


Padam 


33 


28 


76 


53 


174, 176 


XXXIV 


Padar 


33 


26 


76 


26 


265 . . 


• » 


Paghman 


34 


46 


69 





247 .. 


• * 


Pahlgam 


34 


2 


76 


23 


245 . . 


. • 


Palgu Tso 


28 


53 


85 


33 


93, 150, 199 


xxvm 


Palti 


28 


55 


90 


46 


200 .. 


XXXVI 


Pamir 


38 





74 





64, 68, 69, 70, 100, 
105 to 107, 119, 199, 
247, 254. 


Frontispiece, xxxv 


Panch Chnlhi . . 


30 


13 


80 


26 


6,19 .. 


vn 


Panch Pokri 


• • 




. . 




151 ., 


• • 


Pandim 


27 


35 


88 


13 


6, 19 . . 


VI 


Pangong 


33 


57 


78 


27 


95, 111, 126, 188 
192, 200, 302 to 


XXXVI 






1 






204, 242, 253. 

1 





* The picture of Nojii Tower will be found facing page 30. 
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Latitude. 


LOKOITUDS. 


Paobs. 


Ghabts. 


Pangula 


o 

28 


6 


o 

86 


35 


84, 161, 152 


• • 


Panj 


37 


10 


74 


20 


123 . . 


. • 


Panjkora 


35 


12 


72 





• • . • 


XXXIV 


Panjahir ... 


35 


30 


69 


50 


82, 101, 102, 123, 
177. 


XX, XXT, XXXIV 


Passang 


30 


30 


93 


30 


• • • • 


XXX 


Pasu 


36 


30 


74 


45 


196 . . 


• • 


Pathankot 


32 


17 


75 


39 


54 


• • 


Patli Dun 


29 


35 


78 


55 


85, 140, 141 


• • 


Paahunii 


27 


57 


88 


51 


6, 19, 77 


• • 


Peak, Indus-Nagar Water- 


36 





74 


53 


269 .. 


• • 


shed No. 2. 














Peak, Euen Lnn Na 1 


35 


48 


81 


9 


270 . . 


. • 


Pede 


• 


• 


• t 


1 


200 .. 


• ■ 


Pemakoi 


29 


37 


94 


17 


143, 159 


. • 


Phallut 


27 


13 


88 


1 


9, 20, 26 


XV 


Phaii 


27 


30 


89 





14, 234, 241 


• • 


Photu 


29 


24 


83 


68 


94,147,155,188 .. 


XXVI, xxvn, xxx. 

XIXVI. 


Phungatoii 


36 


15 


74 


36 


195 . . 


• • 


Piahte 


• 


• 


• • 




200 . . 


• • 


Pindai 


30 


5 


79 


30 


88, 138, 141, 179, 221 


XXIV 


PirPanjal 


34 





74 


30 


72, 79, 84, 87, 88, 
89, 117, 166 to 169, 
188, 224, 225, 242, 
243. 


XIV, XVI, xvin 


Pitak 


34 


15 


77 


3d 


171 . . 


. • 


Po . . 


32 


3 


78 


23 


234 . . 


. * 


Potamolam 


30 


30 


91 


49 


114 .. 


• • 


Po-tung-do 


30 





95 


16 


• • • • 


XXX 


Praig Chu 


27 


31 


88 


14 


262 .. .. ; 


. • 


Prool 


33 


40 


76 


5 


196 .. .. , 


a . 


Prospect Hill .. 


31 


5 


77 


12 


224 .. .. 1 


• • f 


Puga 


33 


13 


78 


20 


265, 267 


• • 


Punch 


33 


45 


74 


5 


89 


xxxni '^ 


Punjab Himalaya 


34 





76 





2, 3, 5, 6, 74, 76, 78, 
79, 83, 84, 116, 124, 
161, 178, 187, 189, 


XIII 


• k 










. 195, 196, 199. 




Quetta 


30 


12 


67 


1 


. . 


IX 


Rasa 


29 


27 


87 


1 


82, 95, 156 


XV, XXX 


Raidak 


27 





90 


! 


62, 85, 125, 132, 153, 
154, 155, 182, 190. 


Fiontiflpiece, xxiii, 
xxvin, XXIX, XXX. 


Rajpur 


30 


24 


78 


6 i 


52 


• • 


Rakaposhi 


36 


9 


74 


29 

1 

1 


3, 9, 10, 11, 17, 32, 
41, 43, 45, 80, 96, 
160, 176, 186, 194, 
196. 


IV, V, XXXIV, XXXV, 
XXXVI. 


Rakas Tal 


30 


42 


81 


13 


94, 162, 163, 165, 200 


• • 


Rakiot 


35 


20 


74 


37 


195 . . 

-- 


• • 


Ramganga 


29 


33 


79 





132, 133, 135, 140, 
141, 179, 181. 


XXIII, xxrv, XXV 


Ranak 


• 


• 


• 1 


» 


171 .. 


• • 


Rang 


29 


8 


90 





156,157 


XXX 


Randt 


27 


12 


88 


20 


• • ■ • 


XXVIll 

§ 



u 2 
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Latitude. 


LOVOITUDS. 


Paom. 


Crabis. 


RangKul 


c 

38 


35 


o 

74 


20 


70, 199 


• • 


Rapti 


28 


2 


82 





132, 144, 146, 181 . . 


zxm XXVI, XXVII, 

XXXVI. 


Baskam 


36 


25 


76 


30 


121 .. 


• • 


KathoDg Chu . . 


27 


30 


88 


11 


262 


• • 


Rattan Pir . . 


33 


35 


74 


23 


72, 87, 89 


• • 


Ravi 


32 


35 


76 





86, 88, 90, 131, 132, 
161, 166, 166, 168, 
178, 180, 181, 188, 
196, 214. 


Frontispiece, ix, 
XIV, xvui,xxni, 
xxxn, xxxm, 

XXXVI. 


Remo 


35 


15 


77 


25 


196 .. 


• • 


Reru 


33 


8 


76 


55 


196 .. 


• 


Rich 


36 


45 


73 


26 


196 .. 


• • 


Rishipjerab 


36 


41 


74 


40 


367 .. 


• • 


Rohilkhand 


29 





79 





136 


• • 


Rohtang 


32 


21 


77 


14 


84,166 


XXXI, XXXII, xxxin 


Rong 


29 


8 


90 





202 .. 


• • 


Rndok 


33 


26 


79 


42 


99,111,241.266 .. 


« • 


Rukclin (ayn, Rupshu) 


33 





78 





91 


• • 


Rundnn 


33 


45 


76 


10 


196 .. 


• • 


Rupal 


35 


10 


74 


40 


124, 194, 195 


• • 


Rupshu 


33 





78 





203 .. 


• • 


Sabavchy 


41 


55 


80 





197 .. 


« • 


SadJshtragh .. 


36 


33 


72 


7 


4, 18, 41, 102, 187, 
196. 


XX, XXT 


Sadiya 


27 


50 


95 


40 


155, 169 




Safed Eohs 


34 





70 





VI • • • • 




Saichar Ohainri 


35 


20 


77 


10 


175, 194, 196 




Saichu 


40 


12 


94 


43 


109 ., 




Saighan 


35 


10 


67 


46 


248 .. 




Saiiam Nor 


44 


35 


81 


10 


198 .. 




Sajum 


33 


19 


79 


2 


96 




Saki2 Jaiab 


36 


45 


73 


40 


196 .. 




Saltoro 


35 


30 


76 


50 


• • • • 


XX 


Salt Range 


32 


40 


73 





232, 246, 263, 264 . . 


• • 


Salween 


28 





98 


30 


66,81,82,110, 119, 
120, 126 to 129, 169. 


Frontispiece, xvn, 

XXIU. 


Sama 


27 


46 


93 


56 


169 .. 




Samdankang Jang 


30 


50 


91 


30 


113,114,119 




Samden Khansa 


30 


48 


91 


26 


114 .. 




Samye 
Sandakphu 


29 


17 


91 


28 


• • • • 




27 


6 


88 





7,8,9,26,43,68 .. 


VI 


Sangarniarg . . 


33 


10 


74 


40 


265 .. 




Sangpo 


29 


12 


90 





HI, 127, 128, 167, 
168, 169, 160, 271. 


.*v I ' 


Sanjauli 


31 


6 


77 


15 


223 .. 




Sankos R. 


26 


45 


90 





216 .. 




Saraswati 


30 


30 


78 





92, 136 




Sarda • • 


• 


■ 


■ 


• 


133, 141 


— 1 » 


Sargaroin 


31 


6 


78 


30 


6,19 .. 


vm 


Saiiati 


42 


15 


79 





121 .. 


• • 


Sacikol 


38 





75 





12, 31, 68, 69, 72, 
73, 105, 106, 122, 133. 


Frontispiece, jkvii 


Sacju 


28 


23 


81 


30 


88, 133, 141, 144, 


XXV, XXVI 


> 
1 










145. 
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Latitude. 


LoNOZTcrpE. 


PaOE8. 


Chabts. 


Satopanth 


o 

30 


60 


79 


/ 

20 


138, 195 


VUI 


Seistaii 


31 





61 


50 


119 .. 


• . 


Semenofi 


42 


20 


80 





194, 197 


« • 


Senchal 


26 


59 


88 


18 


13, 14, 26, 27 


• • 


Ser . . 


33 


59 


76 


2 


6, 14, 19, 33, 79, 
175. 


zni, xxxn, xxziii, 

XXXIV. 


Sesiri 


23 


11 


95 


31 


158 . 




« • 


Scti 


29 


12 


81 





181 . 




XXVI, xxxvn 


Sha 


32 


25 


76 


50 


196 . 




• • 


Shaf ut 


38 


57 


76 


5 


195 . 




• • 


Shahdulla 


86 


25 


78 


4 


122 . 




• ■ 


Shall 


31 


11 


77 


20 


222 . 




• • 


Shalkar 


32 





78 


36 






XXXI 


Shalshal 


30 


49 


80 


4 


92 '. 




• ■ 


Shang 


29 


32 


89 





156 . 




XXX 


Shankalpa 


30 


21 


80 


23 


267 




■ • 


Sharak Kushta 


94 


25 


66 


30 


102 . 




• • 


Shard! 


34 


48 


74 


12 


170 . 




• « 


ShatuI 


31 


24 


77 


57 


84 




• • 


Shawitakh 


36 


52 


73 


26 


102 . 




« • 


Shemen Tso . . 


34 


2 


81 


39 


200 . 




• • 


Sheru 


29 


2 


86 


14 


94 




• • 


Shesha Nag . . 


34 





73 


50 


168 




• • 


Shigar 


36 


20 


75 


40 


173, 175, 176, 188, 
196. 


x:j5xiv, XXXVI 


Shieatze 


29 


17 


88 


54 


155, 156, 158, 272 . . 


■ • 


^7 

Shigri 


32 


17 


77 


40 


167, 267 


• • 


Shilla 


32 


24 


78 


12 


91, 94 . . 


XXXI, xxxrv 


Shimshal 


36 


37 


75 


35 


99, 188 


X2XIV, XXXVI 


Shingo 


34 


40 


75 


30 


175 .. 


• • 


Shipki 


31 


49 


78 


48 


163, 164, 165 


XI, XXXI 


Sbolanuig 


31 


28 


78 


46 


92 


• • 


Shorta Sangpo 


29 


34 


85 


29 


M8, 271 


• • 


Shadu-Tshenpa 


27 


57 


88 


50 


• . • • 


x:cvm, xxTx, xxx 


Shuga 


36 


50 


96 





104,129,130 


• • 


Shyal 


« 


« 


• • 




128 .. 


• • * 


Shyalchikang Jang 


31 


45 


84 


45 


114 .. 


• • 


Shyok 


34 


48 


77 





40, 82, 94, 95, 96, 
98,99,123,124,171, 
173, 174, 175, 188, 
196. 


XX, XXXIV, XXXVI 

... ^'^- 


Siah Koh 


34 


20 


70 





221 .. 


t 

• • 


Slkkim 


27 


5 


88 


19 


220, 221, 227, 228, 
241, 262, 267. 


• • 


„ Himalaya 


27 


40 


88 


10 


60, 153, 195 


• • 


Siliguri 


26 


42 


88 


25 


24, 52, 54 


• • 


Silikank 


30 


53 


79 


56 


9^ . • . • 


• • 


Simla 


31 


6 


77 


10 


53, 88, 131, 214, 218, 
220, 222, 223, 224. 


X, XI, XXIV, XXXI 


Simvo 


27 


41 


88 


15 


6,9,19 


• • 


Sind 


25 


45 


78 


15 


171,262 


xxxin 


Sindong, see Qyala Sindoxig. 












^ 


Simi^alila 


27 


6 


88 





9. 20, 43, 62, 77, 78, 


■ • 


•^.i* 










89, 152, 270. 




Singhgi 


32 


27 


81 





95, 173, 174 


• • 


Singhgi La (Singala) 


33 


58 


76 


54 


238, 245 

1 


• • 
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Sinji Ohogyul 

Sir-i-Kul 

Sirkanda 

Sirmur 

Siro 

Sisu 

Siwalik 



Skardo 
Solan 
kSonapani 
Son Kul 
Spiti 



Srikanta 

Srinagar 

Ssuchuan 

Subansiri 

Subathu 

Suliman 

Sun Ko3i 

Suraj-dul 

Suru 

Sutlej 



Swat . 

Sweti-Gandaki 

Tagharma 

Taghdumbash 

TakachuU 

Takla Kar 

Takla Makan 

Taku 

TalR. 

Talung 

Tamba Kosi 

Tambar 

Tambur 

Tamor 

Tamru 

Tandi 



Pamir 



Latitude. 



• • 



29 
37 
30 
30 
33 
32 
29 



35 
30 
32 
41 
32 



37 
26 
25 
33 
12 
30 




19 
55 
25 
50 
10 



30 57 



34 


4 


29 


30 


28 





30 


58 


30 





27 





32 


45 


34 


7 


31 


ii 



34 37 



28 


6 


38 


17 


37 


12 


30 


13 


30 


17 


39 





29 


3 


30 





27 


32 


27 


30 


27 






32 35 



LowaiTUDK. 



94 
73 
78 
77 
74 
77 
80 



75 

77 
72 
75 

78 



74 

104 
94 
77 
69 
87 
77 
75 
79 



72 



86 
75 
75 
80 
81 
80 
85 
78 
88 
86 
87 



17 
46 
17 
42 
30 
10 




38 
9 

20 

10 





78 48 



49 
30 
15 

2 
50 


26 
58 









40 
7 


26 
7 

8 

19 

30 


30 



76 50 



Paoss. 



Chabts. 



159 

21, 67, 70, 199 

89 

222 .. 

265 .. 

196 

30, 51, 66, 71 to 76, 

85, 86, 135, 136, 

140, 141, 153, 154, 

165, 179, 188 to 190 
171, 172, 173, 190.. 
223, 224 
196 . . 

84, 91, 92, 124, 160, 
164, 178, 181, 197, 
219, 225, 226, 231, 
232, 233, 234, 237, 
252, 266. 
6, 19, 139 

180, 204, 225, 244 
66, 67, 73 
158, 160, 234, 241 
214 

149, 178, 179 
167 . . 
175, 195, 196 
5, 59, 62, 66, 67, 74, 
78, 79, 85, 88 to 90, 
92, 94, 124, 125, 
127, 131, 133, 135, 
144, 155 to 157, 160 
tol65,168, 178, 180, 
182, 184 to 186, 188, 
189, 196, 197, 220, 
259, 264, 266. 
82,177 
147 . . 

2, 9, 16 

11, 12, 17, 18, 105.. 

70,105,133 

141 .. 

144 . . 

122 .. 

\a • . • ■ 

215 .. 

149, 150 

84, 150, 152, 181, 195 

150, 154 

149, 150, 152 

150, 152 

166, 167, 180 



Frontispiece, xiv, 

XV, XIX, XXXVII. 



XXXIV 



XVI, XXXI 



VIII, XXIV, xxxr, 

XXXIV. 

xxxin 



Frontispiece 
XV, xxvm 



Frontispiece, ix, x, 
XI, xin, XIV, XVI, 
xvin, XIX, XXI, 
xxin, XXIV, XXV, 

XXVI, XXXI, XXXII, 

xxxm, XXIV, 

XXXVI, XXXVII. 



XVII, XXXIV 



xxvm 



xin, xxvixi, XXXVII 
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Tang 

Tangitar 
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